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PREFACE. 


The object which we have had in view, in preparing this 
work, has been to furnish the public with a clear and accurate 
description of the more recent and useful improvements in 
electrical science, and especially to explain the principles and 
operation of that marvellous production, the Speaking Tele- 
phone. In giving particular prominence to this part of the 
subject, however, we have by no means lost sight of another 
matter in connection therewith, of considerable historical im- 
portance, and which has also elicited an unusual amount of 
general interest. The question as to whom we are indebted 
for the telephone is one which, in consequence of the con- 
flicting statements that have appeared from time to time, is, 
to say the least, extremely puzzling. We have, therefore, en- 
deavored to give it the attention its importance demands, in 
order to arrive at a true solution of the problem, and, in doing 
so, have taken every opportunity to consult all available au- 
thorities on the subject. No effort has been spared in our 
investigation to obtain all the facts as they are; and these are 
now given as we have found them, without favor or prejudice. 
The reader will thus be enabled to judge for himself just 
what measure of credit to accord to each of the different ex 
perimenters who have been engaged with the problem of elec- 
trical transmission of articulate speech, and whose labors have 
been crowned with such abundant success, 
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Waen Franklin drew from the clouds the electric spark 
upon the cord of his kite, it seemed obvious that electricity 
might be made use of for the purpose of telegraphy; and more 
than one hundred years ago Lesage established a telegraph in 
Geneva by the use of frictional electricity. But this force had 
very little power when transmitted over a long distance, and 
that little was practically uncontrollable, and therefore useless 
for telegraphy. 

When galvanism was discovered, at the beginning of the pres- 
ent century, and the voltaic battery invented, it was at once 
supposed that this new form of electricity might work a tele- 
graph, and ten years later the chemical telegraph was invented 
by Coxe, in Philadelphia. Under this system, the two wires 
from a galvanic battery were made to approach each other in a 
cell of water. When the galvanic circuit was closed, the water 
between the opposite poles, which were near each other, was 
decomposed, and a bubble of hydrogen rose to the surface, as 
the bubble from champagne does in the wine cup; and the 
observer, seeing it, knew that a current was passing, and that 
the bubble was the signal. But it was evanescent 


t like snow falls in the river, 


A moment white, then melts forever.” 
In 1820, Oersted discovered that an electric current would 
deflect a magnetic needle, and Arago and Davy simultaneously 
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discovered that a piece of iron, surrounded by a spiral wire 
through which a current of galvanism passed, would become 
magnetic. From this fact Ampère deduced the hypothesis that 
magnetism is the circulation of currents of electricity at right 
angles to the axis joining the two poles of the magnet. That 
was a brilliant deduction; but no practical result was produced 
from it until 1825, when the first simple electro-magnet was 
made by Sturgeon, who bent a piece of wire into the shape of a 
horseshoe, and wound a fine wire around it in a helix, through 
which the galvanic current passed ; and he found that the horse- 
shoe wire was magnetic as long as the current flowed. Then 
at once an attempt was made with Sturgeon’s magnet to produce 
the electro-magnetic telegraph, but without success. The diffi- 
culty was that the magnetic power could not be transmitted from 
the battery for more than fifty feet with Sturgeon’s magnet, 
which was, therefore, entirely useless for the purposes of a 
telegraph ; and, in 1829, Professor Barlow published a scientific 
demonstration in England, which was accepted by the scientific 
world, that an electro-magnetic telegraph was impossible; which 
was true in the then state of knowledge. 

In 1830, Professor Henry deduced from the hypothesis of 
Ampére the invention now known as the compound elcctro- 
magnet. He also answered the demonstration of Barlow, and 
proved that the electro-magnetic telegraph was possible. In the 
same year he set up an electro-magnetic telegraph in Albany, 
over a line of a mile and a half in length, using a polarized relay, 
the armature of which was pivoted so as to vibrate between its 
poles as the current of electricity was reversed, thus transmitting 
-intelligence by sound. 

In 1831, Professor Faraday made known his discovery of 
the phenomenon of magnetic induction. 
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In 1834, Gauss and Weber constructed a line of telegraph, 
containing about 15,000 feet of wire, which was operated by the 
magneto-electric currents generated in a coil of wire when the 
latter was moved up or down upon a permanent magnet, around 
which it was placed. The slow oscillations of a magnetic needle, 
caused by the passage of the current, and which were observed 
through a glass, furnished the signals for correspondence, Sir 
William Thomson has since greatly improved the latter appa- 
ratus, and thereby given us the beautifully sensitive mirror gal- 
vanometer which bears his name. 

In 1837, Steinheil discovered the important fact that the earth 
would serve as a conductor, thereby saving one wire in forming 
a circuit: Cooke invented his electro-magnetic semaphore, 
known as the needle telegraph, in which needles swing upon the 
face of a dial, just as the vanes of the old semaphores swung 
on the hill tops: Morse invented his electro-magnetic telegraph, 
which he put in operation between Baltimore and Washington 
in 1844: and Page discovered that a musical sound accom- 
panies the disturbance of the magnetic forces of a steel bar, 
when poised or suspended so as to exhibit acoustic vibrations, 

In 1861, Reiss discovered that a vibrating diaphragm could be 
actuated by the human voice so as to cause the pitch and rhythm 
of vocal sounds to be transmitted to a distance, and reproduced 
by electro-magnetism. 

In 1872, Stearns perfected a duplex system, whereby two com- 
munications could be simultaneously transmitted over one 
wire; and, in 1874, Edison invented a quadruplex system for 
the simultaneous transmission of four communications over the 
same conductor. 

In 1874, Bell invented a method of electrical transmission by 
means of which the intensity of the tones, as well as their pitch 
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and rhythm, could be reproduced at a distance ; and subsequently 
conceived the idea of controlling the formation of electric waves 
by means of the vibrations of a diaphragm capable of responding 
to all the tones of the human voice, thus solving the problem of 
the transmission and reproduction of articulate speech over an 
electric conductor. 

In 1876, Bell invented an improvement in the apparatus for 
the transmission and reproduction of articulate speech, in which 
magneto-electric currents were superposed upon a voltaic cir- 
cuit, and actuated an iron diaphragm attached to a soft iron 
magnet. 

During the same year, he also conceived the idea of substitut- 
ing permanent magnets in place of the electro-magnets and 
battery previously employed, and of using the same instrument 
for both sending and receiving, instead of employing instru- 
ments of different construction, as had been previously done. 

In 1877, Edison applied to the telephone the discovery made 
by himself a few years before, of the variation of. resistance 
which carbon and certain other semiconductors undergo when 
subjected to a change of pressure. By this means he not only 
succeeded in varying the strength of the battery current in 
unison with the rise and fall of the vocal utterances, but, at the 
same time, also obtained louder articulation. 
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CHAPTER L 
THE SPEAKING TELEPHONE. 


The Speaking Telephone, a recent American invention, which 
at the present moment is exciting the wonder and admiration of 
the civilized world, is a device for transmitting to a distance, 
over an electric circuit, and accurately reproducing at any desired 
place, various kinds of sounds, including those of the human 
voice. The function of the telephone is analogous to that of 
a speaking tube capable of almost infinite extension, through 
which conversation may be carried on as readily as with per- 
sons in the same room. 

Before proceeding to give a description of the apparatus 
employed for communicating or reproducing articulate speech at 
a distance by the telephone, it will be well to devote some con- 
sideration to the process by which the ear distinguishes the vibra- 
tions of a particular tone, or the aggregate of the vibrations of 
all the tones which simultaneously act upon it, for by this means 
we may be enabled to ascertain the conditions under which the 
transmitting and receiving apparatus must act in order to effect 
the desired result. 

It is well known that the sensation which we call sound is 
excited by the action of the vibrations of the atmosphere upon 
the tympanum or drum of the ear, and that these vibrations are 
conveyed from the tympanum to the auricular nerves in the 
interior parts of the ear, by means of a mechanical apparatus of 
wonderful delicacy and precision of action, consisting of a series 
of bones termed respectively the hammer, anvil and stirrup. In 
the process of reproducing tones by electro-magnetism, an arti- 
ficial imitation of the mechanism of the human ear is em: loyed, 
consisting of a stretched membrane or diaphragm corresponding 
to the tympanum, which by its vibrations generates and controls 
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an electric circuit extended to a distant station by a metallic 
conductor. 

If we analyze the process by which the ear distinguishes a 
simple sound, we find that a tone results from the alternate ex- 
pansion and condensation of an elastic medium. If this process 
takes place in the medium in which the ear is situated, namely, 
the atmosphere, then at each recurring condensation the elastic 
membrane or tympanum will be pressed inward, and these vibra- 
tions will be transmitted, by the mechanism above referred to, to 
the auricular nerves. 

The greater the degree of condensation of the elastic medium 
in a given time, the greater is the amplitude of the movement of 
the tympanum, and consequently of the mechanism which acts 
upon the nerves. Hence it follows that the function of the 
human ear is the mechanical transmission to the auditory nerves 
of each expansion and contraction which occurs in the surround- 
ing medium, while that of the nerves is to convey to the brain 
the sensations thus produced. A series of vibrations, a definite 
number of which are produced in a given time, and of which we 
thus become cognizant, is called a tone. 

The action which has thus reached our consciousness, being a 
purely mechanical one, may be rendered much more easy of 
comprehension by graphical delineation. If, fer example, we 
assume the horizontal line a b to represent a certain period of 
time, let the curves extending above the line a b represent the 
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successive condensations ( -+ ), and the curves below the line the 
successive expansions ( — ), then each ordinate represents the 
degree of condensation or expansion at the moment of time cor- 
responding to its position upon the line a b and also the amplitude 
of the vibrations of the tympanum. 

A simple musical tone results from a continuous, rapid and 
uniformly recurring series of vibrations, provided the number of 
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complete vibrations per second falls within certain limits. If, 
for example, the vibrations number less than seven or eight per 
second, a series of successive noises are heard instead of a tone, 
while if their number exceeds forty thousand per second, the 
ear becomes incapable of appreciating the sound. 

The ear distinguishes three distinct characteristics of sound : 

1. The tone or pitch, by virtue of which sounds are high or 
low, and which depends upon the rapidity of the vibratory move- 
ment. The more rapid the vibrations the more acute will be the 
sound. 

2. The intensity, by virtue of which sounds are loud or soft, 
and which depends upon the amplitude of the vibrations. 

3. The quality, by which we are able to distinguish a note 
sounded upon, for example, a violin, from the same note 
when sounded upon a flute. Dy a remarkable series of experi- 
mental investigations Helmholtz succeeded in demonstrating 
that the different qualities of sounds depend altogether upon the 
number and intensity of the overtones which accompany the 
primary tones of those sounds. The different characteristics of 
sound may be graphically represented and the phenomena thus 
rendered more easy of comprehension. 

In fig. 1, for example, let the lines ¢ 8 represent a certain 
length of time, and the continuous curved line the successive 
vibrations producing a simple tone. The curves above the line 
represent the compression of the air, and those below the line 
its rarefaction; the air, an elastic medium, is thus thrown into 
vibrations which transmit the sound waves to the ear. The ear 
is unable to appreciate any sensations of sound other than those 
produced by vibrations, which may be represented by curves 
similar to that above described. Even if several tones are pro- 
duced simultaneously, the elastic medium of transmission is 
under the influence of several forces acting at the same time, 
and which are subject to the ordinary laws of mechanics. If the 
different forces act in the same direction the total force is rep- 
resented by their sum, while if they act in opposite directions, it 
is represented by the difference between them. 
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In fig. 1 three distinct simple tones, c, g and e are represented, 
the rapidity of the vibrations being in the proportion of 8, 6 
and5. The composite tone resulting from the simultaneous pro- 
duction of the three simple tones is represented graphically by 
the fourth line, which correctly exhibits to the eye the effect pro- 


Figs. 1, 2, 3. 


duced upon the ear by the three simultaneously acting simple 


tones. : 
Fig. 2 represents a curve formed of more than three tones, 


in which the relations do not appear so distinctly, but a musical 
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expert will readily recognize them, even when it would be diff- 
cult in practice for him to distinguish the simple tones in such a 
chord. 

This method of showing the action of tones upon the human 
ear possesses the advantage of giving the clearest illustration 
possible of the entire process. 

We may even understand by reference to fig. 3 why it is that 
the ear is so disagreeably affected by a discord. 

It will be observed that the curves in the diagram represent 
the three characteristics of sound which have been referred to. 
The pitch is denoted by the number of vibrations or waves re- 
curring within a given horizontal distance; the intensity by 
the amplitude of the vibrations—that is their comparative 
height above or depth below the horizontal line—and the 
quality by the form of the waves themselves. It is, therefore, 
easy to understand that if, by any means whatever, we can pro- 
duce vibrations whose curves correspond to those of a given 
tone or a given combination of tones, the same impression will be 
produced upon the ear that would have been produced by the 
original tone, whether simple or composite. 

The earliest experiments in the production of musical sounds 
at a distance, by means of electro-magnetism, appear to have 
been made in 1861 by Philip Reiss, of Friedrichsdorf, Germany. 
His apparatus was constructed in the manner shown in fig. 4. 

A is the transmitting and B the receiving apparatus, which 
are supposed to be situated at different stations For the sake of 
clearness, the appliances by which the apparatus is arranged for 
reciprocal transmission in one direction or the other have been 
omitted. Furthermore, it may be well to state that, as the ap- 
paratus was constructed merely for the purpose of making known 
to a wider circle the discoveries which had thus far been made, | 
the possibility of extending the action of the apparatus to a dis- 
tance beyond the limit of the direct action of the current had not 
been taken into consideration. This isa mere question of me- 
chanical construction, and has no especial bearing upon the phe- 
nomena under consideration. The tone transmitter A, figure 4, 
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is on the one hand connected by a metallic conductor with the 
tone receiver B at the distant station, and on the other with the 
battery C and the earth, or the return conductor. It consists of 
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Fig. 4. 
a conical tube, a b, about 6 inches in length, and having a di- 
ameter of 4 inches at the larger and 14 inches at the smaller end. 
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It was found by experiment that the material of which the tube 
was constructed had no influence upon the action of the appa- 
ratus, and the same is true as to its length. An increase in the 
diameter of the tube was found to impair the effect. The inner 
surface of the tube should be made as smooth as possible. The 
smaller or rear end of the tube is closed by means of a collodion 
membrane, o, against the centre of which rests one extremity, c, 
of the lever c d, which lever is in electrical connection with the 
metallic conducting wire through its point e and supporting 
bracket. The proper length and proportion to be given to the 
respective arms c e and d e of the lever c e d is determined by 
mechanical considerations. It is advisable that the length of the 
arm c e should be greater than that of d e, so as to produce the 
necessary movement at c with the least possible exertion of 
force at d. The lever itself should be made as light as possible, 
in order that it may follow with certainty the movements of the 
membrane, as any inaccuracy in this respect will give rise to a 
false tone at the receiving station. When the apparatus is in a 
state of rest the contact at d g is closed; a delicate spring n 
maintains the lever in this position. The metallic standard f is 
connected with one pole of the battery C, the other pole of which 
is connected to the earth, or to the return wire leading to the 
other station. A flat spring g is attached to the standard f, and 
is provided with a contact point corresponding to that at d upon 
the lever c d. The position of this contact point may be adjusted 
by means of a screw h. 

In order to prevent the interference occasioned by the action 
of the sonorous vibrations of the atmosphere upon the back side 
of the membrane, when making use of the apparatus, it 1s advis- 
able to place a disk about twenty inches in diameter upon the 
tube a b, in the form of a collar or flange, at right angles to its 
longitudinal axis. 

The tone receiver B, fig. 4, consists of an electro-magnet m, 
mounted upon a sounding box or resonator w, and included in 
the circuit of the electrical conductor from the transmitting 
station. Facing the poles of the electro-magnet is an armature 
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which is attached to a broad but thin and light plate, t, which 
should be made as long as possible. The lever and armature 
are suspended from the upright support k, in the manner of a 
pendulum, its motion being regulated by the adjusting screw / 
and the spring s. 

In order to increase the volume of sound, the tone receiver 
may be placed at one of the focal points of an elliptical chamber 
of suitable size, while the ear of the listener is placed at the 
other focal point. 

The operation of the apparatus is as follows: When the 
different parts are in a state of rest the electric circuit is closed. 
If an alternate condensation and rarefaction of the air in the 
tube a b is produced by speaking, singing, or playing upon 
a musical instrument, 4 corresponding motion is communicated 
to the membrane, and from thence to the lever c d, by which 
means the electric circuit is alternately opened and closed at d g, 
each condensation of the air in the tube causing the circuit to 
be broken, and each rarefaction in like inanner causing it to be 
closed. Thus the electro-magnet m m, of the apparatus at B, 
becomes demagnetized or magnetized, according to the alternate 
condensations and rarefactions of the body of air contained in 
the tube a b, and consequently the armature of the electro-mag- 
net is thrown into vibrations corresponding to those of the mem- 
brane in the transmitting apparatus, The plate 2, to which the 
armature is attached, transmits the vibrations of the latter to the 
surrounding atmosphere, which in turn conveys them to the 
ear of the listener. | 

It must however be admitted, that while the apparatus which 
has been described reproduces the original vibrations with per- 
fect fidelity, so far as their number and interval is concerned, it 
cannot transmit their intensity or amplitude. The accomplish- 
ment of this latter result had to await the further development 
of the invention. 

It was in consequence of this defect in the apparatus that the 
more inconsiderable differences of the original vibrations were 
distinguished with great difficulty—that is to say, the vowel 
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sounds were heard with more or less indistinctness, for the 
reason that the character of each tone depends not merely upon! 
the number of the sonorous vibrations, but upon their intensity 
or amplitude also. This also accounts for the observed fact that 
while chords and melodies were transmitted and reproduced with 
a surprising degree of accuracy, single words, as pronounced in 
reading or speaking, were but indistinctly heard, although in 
this case, also, the inflections of the voice, interrogative, exclama- 
tory, etc., could be distinguished without difficulty. 

Figure 5 illustrates another form of Reiss’s apparatus. 

A is a hollow wooden box, provided with two apertures, one 
at the top and the other in front. The former is covered with a 
membrane S, such as a piece of bladder, tightly stretched in a 
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circular frame. When a person sings into the mouthpiece M, 
which is inserted in the front opening, the whole force of his 
voice is concentrated on the tight membrane, which is thrown 
into vibrations corresponding exactly with the vibrations of the 
air produced by the sound of the singing. A thin piece of pla- 
tinum is glued to the centre of the membrane and connected 
with the binding screw a, in which a wire from the battery B is 
fixed. Upon the membrane rests a little tripod e fg, of which 
the feet e and f rest in metal cups upon the circular frame over 
which the skin is stretched. One of them, f, rests in a mer- 
cury cup connected with the binding screw b The third foot, g, 
consisting of a platinum contact point, lies on the strip of plati- 
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num which is placed upon the centre of the vibrating membrane 
and hops up and down with it. By this means the closed circuit 
which passes through the apparatus from a to b is momentarily 
broken for every vibration of the membrane. The receiving 
instrument R consists of a coil or helix, enclosing an iron rod 
and fixed upon a hollow sounding box, and is founded on the 
fact, first investigated by Professor Joseph Henry, that iron bars, 
when magnetized by means of an electric current, become 
slightly elongated, and at the interruption of the current are re- 
stored to their normal length. In the receiving instrument these 
elongations and shortenings of the iron bar will succeed each 
other with precisely the same interval as the vibrations of the 
original tone, and the longitudinal vibrations of the bar will be 
communicated to the sounding box, thus being made distinctly 
audible at the receiving station. 

It will be seen that the result produced by these devices is 
not the veritable transmission of sound by means of the electric 
current, but is simply a reproduction of the tones at some other 
point, by setting in action at this point a similar cause, and 
thereby producing a similar effect. 

It is obvious that this apparatus, like the one previously de- 
scribed, is capable of producing only one of the three charac- 
teristics of sound, viz, its pitch. It cannot produce different 
degrees of intensity or other qualities of tones, but merely sings 
the melodies transmitted with its own voice, which is not very 
unlike that of a toy trumpet. Referring to the graphic repre- 
sentation of the composite tone in fig. 1, this apparatus would 
reproduce the waves at properly recurring intervals, but they 
would all be of precisely the same amplitude or intensity, for 
the reason that they are all produced by an electric current of 
the same strength. 

In the spring of 1874 Mr. Elisha Gray, of Chicago, invented 
a method of electrical transmission by means of which the in- 
tensity of the tones, as well as their pitch, was properly repro- 
duced at the receiving station. This was a very important dis- 
covery—in fact, an essential prerequisite to the development of 
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the telephone, both in respect to the reproduction of harmonic 
musical tones and of articulate speech, as it enabled any required 
number of different tones to be reproduced simultaneously with- 
out destroying their individuality. 

In this method the transmitters were so arranged that a sepa- 
rate series of electrical impulses of varying strength as well as 
rapidity passed into the line, thus reproducing at the distant end 
the intensities of the vibrations, corresponding to the graphic 
representation on the fourth or bottom line of fig. 1. By 
this means a tune could be reproduced at any distance with 
perfect accuracy, including its pitch and varying intensity as 
well as quality of sound. With a receiving instrument consist- 


Fig. 6. 


ing of an electro-magnet, having its armature rigidly fixed to 
one pole, and separated from the other by a space of gi of an 
inch, and mounted upon a hollow sounding box, which, like that 
of a violin, responded to all vibrations which were communicated 
to it, the tones becarne very loud and distinct. 

Subsequently Mr. Gray conceived the idea of controlling the 
formation of what may be termed the electric waves, as repre- 
sented in the diagram, figs. 1, 2 and 3, by means of the vibra- 
tions of a diaphragm capable of responding to sounds of every 
kind traversing the atmosphere, so arranged as to reproduce 
these vibrations at a distance. When this was accomplished, the 
problem of the transmission and reproduction of articulate speech 

- over an electric conductor was theoretically solved. 
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The principle and mode of operation of Gray’s original 
telephone are shown in the accompanying fig. 6. The per- 
son transmitting sounds speaks into the mouthpiece T!. DI? 
is a diaphragm of some thin substance capable of respond- 
ing to the various complex vibrations produced by the human 
voice. Tothe centre of the diaphragm one end of a light metallic 
rod, N, is rigidly attached, the other extending into a glass vessel 
J, placed beneath the chamber. This vessel, whose lower end is 
closed by a metallic plug, P, is filled with slightly acidulated 
water, or some other liquid of the same specific resistance, and 
the metallic plug or end placed in connection with one terminal 
of an electric circuit, the other end being joined by a very light 
wire to the rod N, near the diaphragm. It will thus be seen 
that the water in the vessel forms a part of the circuit through 
which the current from a battery placed in this circuit will pass. 
Now, as the excursions of the plunger rod vary with the ampli- 
tude of the several vibrations made by the diaphragm to which 
it is attached, as well as with the rapidity of their succession, it 
will readily be seen that the distance, and consequently the resist- 
ance to the passage of the current, between the lower end of the 
rod and the metallic plug, must vary in a similar manner, and 
this produces a series of corresponding variations in the strength 
of the battery current. 

The receiving apparatus consists simply of an electro-magnet, 
H, and armature, a diaphragm, D, and a mouthpiece, T. The 
soft iron armature which is attached to the diaphragm stands 
just in front of the electro-magnet; consequently, when the 
latter acts, it does so in obedience to current pulsations, which 
have all the characteristics of the vibrating diaphragm D, and 
thus, through the additional intermediary of the soft iron, the 
vibrations produced by the voice in T are communicated to the 
diaphragm T of the receiving apparatus, and thus sounds of 
every character, including all the tones of the human voice, are 
reproduced with absolute fidelity and distinctness. 

In the summer of 1876 Professor A. G. Bell, of the Boston 
University, exhibited at the Centennial Exhibition, in Phila- 
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delphia, a telephonic apparatus, differing somewhat in its details 
from that just described, by which articulate speech could be 
transmitted over an electric circuit, and reproduced at a distance 
with some degree of distinctness. 

The principle of his method is illustrated in fig. 7. A repre- 
sents the transmitting and B the receiving apparatus) When 
a person speaks into the tube T, in the direction of the arrow, 
the acoustic vibrations of the air are communicated to a mem- 
brane tightly stretched across the end of the tube, upon which 
is cemented a light permanent bar magnet n s. This is in 
close proximity to the poles of an electro-magnet M, in the 
circuit of the line, which is constantly charged by a current 
from the battery E. The vibrations of the magnet n s induce 


Fig. 1. 


magneto-electric pulsations in the coils of the electro-magnet M, 
which traverse the circuit, and the magnitude of the-e pulsa- 
tions is proportional to the rapidity and amplitude of the vibra- 
tions of the magnet; thus, for instance, when the small perma- 
nent magnet is made to move toward M, a current of electricity 
will be induced in the coils, which will traverse the whole cir- 
cuit. This induced electricity will consist of a single wave or 
pulse, and its force will depend upon the velocity of the ap- 
proach of nstoM. A like pulse of electricity will be induced 
in the coils when n s is made to move away from M; but this 
current will move through the circuit in an opposite direction, 
so that whether the pulsation goes from A to B or from B to A, 
depends simply upon the direction of the motion of n s, 
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The electricity thus generated in the wire by such vibratory 
movements varies in strength, as already observed, with the 
variations in the movement of the armature; the line wire be- 
tween two places will, therefore, be filled with electrical pulsa- 
tions exactly like the zrial pulsations in structure. 

These induced electric currents are very transient, and their 
effect upon the receiver R is either to increase or decrease the 
power of the magnet there, as they are in one direction or the 
other, and consequently to vary the attractive power exercised 
upon the iron plate armature. 

Let a simple sound be made in the tube, consisting of 256 
vibrations per second ; the membrane carrying the iron will 
vibrate as many times, and so many pulses of induced elec- 
tricity will be imposed upon the constant current, which will 
each act upon the receiver, and cause so many vibrations of the 
armature upon it; and an ear held near r will hear the sound 
with the same pitch as that at the sending instrument. If two 
or more sound waves act simultaneously upon the membrane, 
its motions must correspond with such combined motion; that 
is, its motion will be the resultant of all the sound waves, and 
the corresponding pulsations in the current must reproduce at 
B the same effect. Now, when a person speaks in the tube, the 
membrane is thrown into vibrations more complex in structure 
than those just mentioned, differing only in number and inten- 
sity. The magnet will cause responses from even the minut- 
est motion, and, therefore, an ear near r will hear what is 
sail in the tube. Consequently, this apparatus is capable of 
transmitting both the pitch and intensity of the tones which enter 
the tube T. The receiving instrument consists simply of a 
tubular electro-magnet R, formed of a single helix with an ex- 
ternal soft iron case, into the top of which is loosely fitted the 
iron plate 7, which is thrown into vibrations by the action of 
the magnetizing helix. The sounds produced in this manner 
were quite weak, and could be transmitted but a short distance; 
but the mere accomplishment of the feat of transmitting electric 
impulses over a metallic wire which should reproduce articu- 
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late speech, even in an imperfect manner, at the farther end, ex- 
cited great interest in a scientific as well as popular point of 
view, throughout the civilized world. 

During the ensuing autumn some important changes in the 
telephone were effected, whereby its articulating properties 
were greatly improved. Professor Bell, the inventor, having 
observed that the actual function of the battery current with 
which the line was electrically charged had simply the effect 
of polarizing the soft iron cores of the transmitting and 
receiving instruments, or of converting them into permancnt 
magnets, and that the mere passage of the constant voltaic cur- 
rent over the line had nothing to do with the result, conceived 
the idea of maintaining the cores in a permanently magnetic or 
polarized state by the inductive influence of a permanent mag- 


Fig. 8. 


net instead of by a voltaic current. He therefore substituted 
permanent magnets with small helices of insulated copper wire 
surrounding one or both poles, in place of the electro-magnets 
and battery previously employed. 

Another important improvement made by him consisted in 
using the same instrument for both sending and receiving instead 
of employing instruments of different construction, as all previous 
inventors had done. 

The principle and mode of operation of the improved appara- 
tus is represented in figure 8. 

It consists of an ordinary permanent bar magnet, N S, a single 
helix, I, of insulated copper wire placed upon one end of the 
magnet, and a metallic diaphragm, D, consisting of a disk of thin 
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sheet iron, two and a quarter inches in diameter and one fiftieth 
of an inch tuick, forming an armature to the magnet, NS. The 
vibratory motions of the air produced by the voice or other 
cause are directed towards and concentrated upon the diaphragm, 
D, by means of a mouthpiece, T. It will thus be seen that when 
vibrations are communicated to the air in front of the mouth- 
piece the impact of the waves of air against the elastic diaphragm 
will cause a corresponding movement of the latter. This in turn, 
by reacting upon the magnet, disturbs the normal magnetic con- 
dition of the bar, and since any change of magnetism in this 
tends to generate electrical currents in the surrounding helix, the 
circuit in which the helix may be placed will be traversed by a 
series of electrical pulsations or currents. Moreover, as these 
currents continue to be generated so long as the motion of the 
diaphragm continues, and as they increase and decrease in 
strength with the amplitude of its vibrations, thus varying with 
the variations of its amplitude, it is evident that they virtually 
possess all the physical characteristics of the agent acting upon 
the transmitting diaphragm. Consequently, by their electro- 
magnetic action upon the magnet of an apparatus identical with 
the one above described, and placed in the same circuit at the 
receiving end, they will cause its diaphragm to vibrate in exact 
correspondence with that of the transmitting apparatus, 

During the past year many ingenious persons have turned their 
attention to the subject of telephones, and by the introduction 
of various modifications have succeeded in greatly improving 
the invention, so as to make it available for practical applica- 
tion. Prominent among these is Mr. G. M. Phelps, mechanician 
of the Western Union Telegraph Company, to whose ability in 
the invention of valuable improvements, as well as in the scien- 
tific arrangement of details in the construction of the apparatus, 
the public is indebted for some of the most effective telephones 
yet introduced. The peculiar excellence of these instraments 
consists in their distinct articulation, combined with a loudness 
of utterance that is not often met with in the numerous other 
forms that have appeared up to the present time. Both of these 
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qualities, manifestly so desirable, are developed in these instru- 
ments in a very remarkable degree, while the distance over which 
they may be used is also another of their distinguishing charac- 
teristics, circuits of over one hundred miles having been worked 
by them with the most admirable results. 

The most essential improvements introduced by Mr. Phelps 
consist in combining two or more vibrating diaphragms and two 
or more corresponding magnetic cores, enveloped in separate 
helices, connected in. the same circuit, with a single mouthpiece 
or vocalizing chamber; in mounting two magnetic cores, when 
combined with separate diaphragms and coils, and a single 
mouthpiece, upon opposite poles of the same permanent magnet, 
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and in subdividing a single continuous induction plate into two 
or more separate and distinct areas of vibration, thus virtually 
forming two or more separate diaphragms, each of which acts or 
is acted upon by a separate magnetic core, to the consequent in- 
creased usefulness of the apparatus. 

Figure 9 represents a form of the instrument constructed 
upon the above principles, which, both as regards distinctness of 
articulation and the facility with which it permits conversation 
to be carried on in consequence of the loudness of its tone, leaves 
little else to be desired. It consists of the permanent magnet M 
of bardened steel, which is bent into an oblong form, so as to 
occupy but little space, and also bring its poles conveniently 
near each other; two helices, H and H!, of copper wire, placed 
respectively upon the north and south poles of the magnet; two 
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metallic diaphragms, D and D!, and the speaking tube or mouth- 
piece T, which may be made of wood, metal, or such other 
substance as fancy may suggest. The diaphragms are placed 
upon opposite sides of a short cylindrical piece of hard rubber, 
provided with a lateral opening for the insertion of the mouth- 
piece, and, together with it, form a sort of chamber, within 
which the air is alternately condensed and rarefied, in conse- 
quence of the motion or impulses communicated to its particles 
by the voice when directed toward the opening of the tube. 
Hence, it will be seen that each condensation exerts an outward 
pressure of its own upon the diaphragm, while each rarefaction 
causes a corresponding pressure from the external air, and thus 
a vibratory movement is imparted to both diaphragms at one 
and the same instant; consequently, if the helices are so con- 
nected that the direction of the current pulsations, which are 
inductively produced by the vibrations of the diaphragms in the 
manner already explained, are similar when they become united 
in the line, the magnetic force, as exhibited in the receiving ap- 
paratus at the distant station, will be augmented considerably 
above that produced by the action of a single coil and diaphragm 
alone, and thereby a corresponding increase in the loudness of 
the sound will be produced. The best effects are obtained when 
instruments of this form are employed both in transmitting and 
receiving, the advantages they possess for the latter purpose 
being quite as marked as for the former, as will appear obvious 
enough when we consider that every time a current passes 
through the helices the attractive forces thereby imparted to the 
cores or magnet poles are such as to cause the centres of the two 
diaphragms to be drawn directly from each other, thus produc- 
ing a much greater rarefaction of the air within the chamber 
than could be obtained by the action of a single diaphragm 
alone. A corresponding condensation, on the other hand, is pro- 
duced at each cessation of the current, owing to the return of the 
diaphragms, in virtue of their elasticity to their normal position. 

The greater the degree of condensation and rarefaction, how- 
ever, the greater the amplitude of the sonorous vibrations—one 
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expression being the equivalent of the other—and, therefore, the 
greater will be the intensity or loudness of the sound produced. 
We might add, in this connection, that the introduction of a 
second helix in the line circuits presents in itself a slight disad- 
vantage. ‘This arises from the inductive action of the pulsatory 
currents upon themselves in the coils and the reactive influence 
of the core, whereby other and opposing currents are produced, 
which tend to delay, and, in part, neutralize the effects of the 
former. The latter are termed extra currents, to distinguish 
them from those produced in circuits exterior to that in which 


the inducing currents are passing. As they are found to accom- 
pany all electro-magnetic action whenever one part of a circuit 
is brought in proximity to another, as is the case in magnet 
belices, it will readily be seen that they must become the more 
troublesome as the number of stations are increased—it being 
necessary to keep the vibratory bells at each station in cir- 
cuits, in order that calls may be heard. By the use of con- 
densers, consisting of alternate sheets of tin foil and paraffined 
paper placed around the bell coils, we are enabled to overcome 
the difficulty these currents would otherwise present. Con- 
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densers, therefore, become almost indispensable in cases where 
many telephones are employed in one circuit. 

The instrument we have just described is made separate by 
itself, to be used as a transmitting or receiving instrument, or it 
is combined in a box represented below, with a call bell and the 
oval shaped telephone to be considered presently. In the latter 
case it is usually employed to transmit alone, while the oval form 
serves for receiving ; it can, however, be used for either purpose. 
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Mr. Phelps also found that the efficiency of the telephone for 
transmitting the human voice was much improved by reducing 
the cavity or chamber in which the diaphragm vibrates to the 
smallest practicable dimensions. Further gain was also made by 
cushioning the bearings of the diaphragm on both sides with 
rings of paper. In the form described below the diaphragms are 
still further cushioned on the side towards the magnets by a 
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number of small spiral springs, placed under a hard rubber ring 
which supports the diaphragm. 

The value of these last named improvements lies not so much 
in increasing the loudness of tone as in eliminatiug the reverber- 
atory quality characteristic of most of the early telephones, and 
which gave an unnatural and hollow sound to the voice trans- 
mitted by them. 


Another of the forms designed by Mr. Phelps, and now being 
extensively introduced by the American Telephone Company, is 
represented in fig. 10. It consists of a polished oval shaped case 
of hard rubber, with magnet, diaphragm and coils inside. In con- 
nection with this there is also a small magneto-electrical machine, 
contained in the oblong box shown in fig. 11, which is used for 
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operating a call bell when the attention of the correspondent 
it the distant station is required. The currents generated by 
this machine, when the crank is turned, are conveyed by the 
conducting wires through the helices of a polarized magnet, 
shown on the under side of the cover, fig. 12, and cause the ham- 
mer attached to the armature lever to vibrate against the bell, 
thus producing a violent ringing during the time the crank is 
turned. 

By the use of polarized magnets—the latter so named on 
account of their armatures being permanent magnets—the arma- 
ture levers are retained in a definite position, depending upon the 
direction of the current last sent into the line, and no retractile 
spring whatever is required. At the same time, also, the alter- 
nating currents produced by the magneto-electrical machine are 
permitted to act with their maximum power, as the repelling 
force exercised in one pair of coils urges the armature in the 
same direction as that of the attractive force in the other, and 
the two effects are thus added. 

It is usual to supply two telephones with this apparatus—two 
being preferable to one—as then one can be held to the ear while 
the other is being used to speak into. By this means any 
liability of losing a word while the instrument is being passed 
from the mouth to the ear, supposing one only to be used, is 
entirely prevented, and consequently the necessity for repetition 
avoided. 

When the telephone is not in use it is placed in a slide, as 
shown in fig. 11, which causes a spring, shown at the end of the 
box in fig. 12, to be pressed inward and cut out the instrument, 
leaving only the magneto machine and call bell in circuit. The 
spring, when ia its normal position, on the other hand, cuts out 
the machine and call bell and leaves the telephone alone in 
circuit. 

Fig. 13 represents a somewhat more expensive but at the same 
time also a more desirable combination of the telephone and 
its accessories. The box is intended to be fastened permanently 
to the wall. It contains, in addition to the extra loud telephone 
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with double diaphragms, which was described above, a call bell 
and a magneto-electric machine of improved construction. When 
not in use, only the call bell of this apparatus is in the main line 
circuit—the magneto machine, unlike that in the box just noticed, 
being cut out, so as to guard against accidental demagnetization of 


Fig. 13. 


the permanent magnet by lightning discharges, or by currents from 
telegraph lines when the latter are crossed or in contact with the 
telephone line, which is sometimes liable to occur. When we 
wish to send a signal, however, it is only necessary to turn the 
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crank of the magneto machine, shown in front of the case, and 
at the same time press upon the push button C, which is visible 
on the left. The latter movement, by a change of connection 
to be more fully described presently, puts the magneto machine 
in circuit, and thus aliows the currents generated by it to pass 
into the line and act upon the distant call bells. 

‘The switch near the top of the case serves for cutting the ap- 
paratus in and out of circuit. When it is turned to the right, 
and the telephone is in the fork or holder, as represented in 
the figure—in which case it presses against a button correspond- 
ing to the spring in the former box and cuts itself out of circuit— 
only the call bell is left in with the main line. When it is 
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Fig. 14. 

turned to the left hand or opposite side, which should always be 
done whe) left at night, all of the apparatus is cut out of circuit. 
A lightning arrester is provided in each box for the protection 
of the apparatus; but during thunder storms, and especially 
severe ones, it is best to cut the apparatus out of circuit altogether 
by means of the switch, as the best arresters sometimes fail. The 
accompanying diagrams, showing the internal arrangements of 
the different boxes, will give a much clearer understanding of 
the connections. Figure 14 represents the parts and connections 
of the improved apparatus, which is placed in a portable box, 
like the one shown in figure 11, without, however, the addition 
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of what we have called the extra loud Speaking Telephone, In 
the ordinary working condition of the apparatus the switch S 
should be placed on the button contact, shown just to the right 
of it, and the telephone hung in its fork, which causes the 
spring A to be forced against the inside contact point. The 
telephone and magneto machine are thus cut out of circuit, 
as will be seen on tracing the connections, but the call currents 
arriving from a distant station on the line, find a ready path 


Fig. 15. 
through the coils of the bell magnet B and spring below the 
push button C to the spring A, and thence by switch S to line 
again or ground, as the case may be, the final connection de- 
pending, of course, upon whether the station is located some- 
where in the centre or at the terminal of the line. A call given 
by any one of the stations in the circuits will, therefore, be heard 
at all the others, as the connections at each are precisely similar. 
In giving the call, it is necessary, in addition to turning the 
crank of the magneto machine, to press against the push button 
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C, so as to bring the adjacent spring in contact with the little 
connecting piece which is metallically joined to the coils of the 
machine. Unless this is done no current will be sent into the 
line, because it is by this means alone that the inductive appa- 
ratus is placed in the circuit. When the button is down, the 
path opened for the current may be traced from the line terminal 
of the instrument by way of the bell and magneto coils to the 
spring beneath C; thence by way of spring A and switch S to 
line or ground. 


Fig. 16, 


It will be obvious that the above arrangement supplies the 
means for giving a variety of calls in case there are several 
offices in one circuit; for, while turning the crank, the push 
button can be used, like a Morse key, to give different signals. 

The removal of the telephone from its fork or holder puts it 
in circuit, and cuts everything else out, as will readily be seen by 
tracing the connections, The manner in which the apparatus is 
cut out of circuit, by turning the switch S on the left hand con- 
tact point, will also be seen on referring to the diagram. 

Figures 15 and 16 show the internal connections and arrange- 
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ment of the large box, figure 15, being the arrangement for a ter- 
minal, and figure 16 that for an intermediate station. The loud 
speaking instrument is shown in both. Figure 16 also shows 
the manner of connecting the condenser D around the bell coils, 
so as to avoid the previously noticed inductive difficulties which 
present themselves when many sets of the apparatus are placed 
in one circuit, The lightning arrester is represented at L. It 
will hardly be necessary to say anything further in regard to the 
connections in the last two ficures, as the same letters that were 
used in the preceding figure have been retained for correspond- 
ing parts in these, and have, therefore, been already considered. 


Fig. 17. 


Figure 17 represents a form of Gray’s Sneaking Telephone 
manufactured by the Western Electric Telegraph Company, of 
Chicago. 

Figure 18 shows a section of the same, reduced to about one 
third the natural size, and designed to show the internal mechan- 
ism. 

By referring to the latter it will be seen that the core C is fas- 
tened to the upper end of the curved metallic bar H, which 
serves as the handle of the telephone. The lower end of the 
handle is in like manner attached to the metallic brace B. To 
this brace is secured, by means of a stout screw, the iron rim 
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which holds the diaphragm; thus the core and the diaphragm 
form the two ends of a rigid metallic system, every part of which 
is of soft iron. 

Around the core two helices of insulated copper wire are 
wound. One of these—the polarizing helix—is somewhat longer 
than the other, and contains wire of larger gauge. In using the 
telephone, this helix is connected in circuit with a local battery. 
The soft iron system is in consequence rendered magnetic, the 
end of the core exhibiting opposite polarity to that of the dia- 
phragm confronting it. 

By employing the battery current to charge the soft iron core, 


a greater degree of magnetism is thereby secured than could be 
obtained by the use of a permanent magnet of the same dimen- 
sions. 

The difference also of magnetic potential existing between the 
diaphragm and the core is increased by making these respectively 
the opposite poles of the same magnet. 

The other helix is made of very fine wire, and serves to con- 
vey to the line the undulating currents induced by the vibrating 
diaphragm. At any point on the line these currents may be 
reconverted into sound by introducing an instrument similar to 
the above, 
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In adjusting this telephone advantage is taken of the elasticity 
of the brace B, which has a tendency to approach the handle 
H. This tendency is checked and regulated by the adjusting 
screw A, a turn of which will cause the brace to move towards 
or recede from the handle ; and, consequently, the diaphragm will 
also move to or recede from the core of the magnet. | 

Another of the forms devised by Mr. Gray is shown in fig. 19. 
In this there are two diaphragms, and no battery is used to 
charge the soft iron cores of the telephone, as is done in the 
original apparatus, the same result being obtained by the use of 
a permanent magnet, bent into a form like the letter U, as seen 
in the figure. The magnet also answers as a handle, by which 
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the instrument may be held conveniently. Two soft iron pieces 
are secured by screws to the poles of the magnet and carry helices 
of copper wire, which are joined together, and terminal wires 
leading therefrom serve to put the instrument in circuit. 

The mouthpiece, which is of metal, has two divergent tubes con- 
necting with narrow chambers, within which separate diaphragms 
of thin sheet iron are placed, so as to stand just opposite the 
pole pieces of the magnet and in close proximity thereto. When- 
ever, therefore, any movement is produced in the air at the 
opening of the tube the resultant impulse is readily conveyed 
through it and its branches to the chambers, and thus communi- 
cates motion to the diaphragms. The principle of the action in 
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this apparatus is, of course, the same as that in the other forms 
of magneto telephones. | 

It will be observed that all the Speaking Telephones which 
we have described, possess certain common characteristics em- 
bodied in Bell’s original discovery, and are essentially the 
same in principle although differing somewhat in matters of de- 
tai. All, for example, employ a diaphragm at the transmitting 
end capable of responding to the acoustic vibrations of the air; 
all employ a diaphragm at the receiving end capable of being 
thrown into vibrations by the action of the magnetizing helix, 
corresponding to the vibrations of the transmitting diaphragm ; 
all depend for their action upon undulating electric currents pro- 
duced by the vibratory motion of a transmitting diaphragm, 
which increases and decreases the number and amplitude of 
the electric impulses transmitted over the wire without breaking 
the circuit; and, finally, in all practically operative telephones, 
whether vocal or harmonic, the cores of the receiving instru- 
ment are maintained in a permanently magnetic state by the 
inductive action, either of a permanent voltaic current or of a 
permanent magnet. Repeated experiments have shown, also, 
that this permanent magnetic condition of the cores is absolutely 
essential, in order that the receiving magnet may become prop- 
erly responsive to telephonic vibrations, especially when these 
are of great rapidity and comparatively small amplitude. 

Mr. Thomas A. Edison, of Menlo Park, New Jersey, has in- 
vented a telephone, which, like that of Gray, shown in figure 
6, is based upon the principle of varying the strength of a bat- 
tery current in unison with the rise and fall of the vocal utter- 
ance. The problem of practically varying the resistance con- 
trolled by the diaphragm, so as to accomplish this result, was by 
no means an easy one. By constant experimenting, however, 
Mr. Edison at length made the discovery that, when properly 
prepared, carbon possessed the remarkable property of changing 
its resistance with pressure, and that the ratios of these changes 
moreover corresponded exactly with the pressure. Fig. 20 rep- 
resents a convenient and ready way of showing the decrease in 
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resistance of this substance when so subjected. The device con- 
sists of a carbon disk, two or three cells of batterv, and a tan- 
gent or other form of galvanometer. The carbon C is placed be- 
tween two metallic plates which are joined with the galvanome. 
ter and battery in one circuit, through which the battery current 
is made to pass) When a given weight is placed upon the upper 
plate the carbon is subjected to a definite amount of pressure, 
which is shown by the deflection of the galvanometer needle 
through a certain number of degrees. As additional weight is 
added, the deflection increases more and more, so that by care- 
fully noting the deflections corresponding to the gradual in- 
crease of pressure we can thus follow the various changes of 
resistance at our leisure. Here, then, was the solution; for, 


by vibrating a diaphragm with varying degrees of pressure 
against a disk of carbon, which is made to form a portion 
of an electric circuit, the resistance of the disk would vary in 
precise accordance with the degree of pressure, and consequently 
a proportionate variation would be occasioned in the strength of 
the current. The latter would thus possess all the character- 
istics of the vocal waves, and by its reaction through the medium 
of an electro-magnet, might then transfer them to another disk, 
causing the latter to vibrate, and thus reproduce audible speech. 

Fig. 21 shows the telephone as constructed by Mr. Edi- 
son. The carbon disk is represented by the black portion, E, 
near the diaphragm, AA, placed between two platinum plates, 
D and G, which are connected in the battery circuit, as shown by 
the lines. A small piece of rubber tubing, B, is attached to the 
centre of the metallic diaphragm, and presses lightly against an 
ivory piece, C, which is placed directly over one of the platinum 
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plates. Whenever, therefore, any motion is given to the dia- 
phragm, it is immediately followed by a corresponding pressure 
upon the carbon and by a change of resistance in the latter, as 
described above. The object in using the rubber just mentioned 
is to dampen the movement of the disk, so as to bring it to rest 
almost immediately after the cause which put it in motion has 
ceased to act; interference with articulation, which the prolonged 
vibration of the metal tends to produce in consequence of its 
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elasticity, is thus prevented, and the sound comes out clear 
and distinct. It is obvious that any electro-magnet, properly 
fitted with an iron diaphragm, will answer for a receiving instru- 
ment in connection with this apparatus. 

Fig. 22 shows a sending and receiving telephone and a box 
containing the battery. 

In the latest form of transmitter which Mr. Edison has intro- 
duced the vibrating diaphragm is done away with altogether, it 
having been found that much better results are obtained when a 
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rigid plate of metal is substituted in its place. With the old 
vibrating diaphragm the articulation produced in the receiver is 
more or less muffled, owing to slight changes which the vibrating 
disk occasions in the pressure, and which probably results from 
tardy dampening of the vibrations after having been once 
started. In the new arrangement, however, the articulation is 


Fig. 22. 


so clear and exceedingly well rendered that a whisper even may 
readily be transmitted and understood. The inflexible plate, of 
course, merely serves, in consequence of its comparatively large 
area, to concentrate a considerable portion of the sonorous waves 
upon the small carbon disk or button; a much greater degree of 
pressure for any given effort on the part of the speaker is thus 
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brought to bear on the disk than could be obtained if only its 
small surface alone were used. 

The best substance so far discovered for these disks is lamp- 
black, such as is produced by the burning of any of the lighter 
hydrocarbons.) Mr. Edison has found, however, that plumbago, 
hyperoxide of lead, iodide of copper, powdered gas retort car- 
bon, black oxide of manganese, amorphous phosphorus, finely di- 
vided metals, and many sulphides may be used; indeed, tufts of 
fibre, coated with various metals by chemical means and pressed 
into buttons have also been employed, but they are all less sensi- 
tive than the lampblack, and have consequently been abandoned 
for the latter substance. 

With the telephone, as with the ordinary telegraphic instru- 
ments, there is of course a limit beyond which the apparatus cannot 
be rendered practically serviceable, but in most cases this limit is 
sooner reached for the telephone than for other instruments that 
are employed for the transmission of telegraphic matter. One 
reason why this is so is probably due to the fact that the current 
pulsations generated by the vibrating diaphragm are made to 
follow each other with so much greater rapidity than those that 
are sent into the line by the ordinary hand manipulation, that 
less time is allowed for charging and discharging the line, and 
the phenomenon of inductive retardation thus becomes soonest 
manifest in the former case. 

Another reason, however, and perhaps the principal one, is 
that the disturbances created by the inductive action of elec- 
trical currents in neighboring wires combine with the signals, and 
so confuse the latter in many cases, that it becomes altogether 
impossible to distinguish them. It is necessary, therefore, when 
we wish to speak over long distances, or over wires in close prox- 
imity to Morse lines, either to employ some means for neutral- 
izing these disturbances, or to so increase the loudness of the ar- 
ticulation that it can be heard above this confused mingling of 
many sounds, 

One of the best means so far suggested for overcoming the diff- 
culty is the employment of metallic circuits throughout for the 


EDISON'S TELEPHONIC REPEATER. 89 


telephone, placing the two wires forming a single circuit very 
close together, so as to render the inductive action practically 
the same in each. The resulting currents would thus neutralize 
each other and leave the telephone quite free. 

It is claimed that the inductive disturbances just noticed are 
much less marked with Mr. Edison’s telephone than with any 
of the other forms, owing to the fact that the signals or sounds 
in the former are produced by stronger currents, and the re- 
ceiving instruments are made less sensitive to those fugitive 
currents that are always met with in telegraph lines. 

Mr. Edison has recently invented a telephonic repeater, which 
is designed to be used in connection with his apparatus for in- 
creasing the distance over which it may be made available. The 
principal parts are shown in fig. 23. I is an induction coil, whose 
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secondary is connected in the main line L’, into which the repeat- 
ing is to be done; C is a carbon transmitter, included with 
battery B in the primary circuit, and operated by the magnet 
M instead of by the voice. The variations in the current pro- 
duced by speaking against the disk of the instrument at the 
transmitting end of the line, cause this magnet to act on the re- 
peater diaphragm, and thus produce different degrees of pressure 
on the carbon disk and thereby change its resistance. A corre- 
sponding change consequently takes place in the current of the 
primary coil, and thus gives rise to a series of induced currents 
in the secondary, which pass into the line, and, on reaching 
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the receiver at the opposite terminal, are there transformed into 
audible sound. | . 

We have not yet personally experimented with this apparatus, 
but if it can be made only in a slight degree as effective as the 
ordinary carbon telephones, which already have permitted conver- 
sation to be carried on over five hundred miles of actual tele- 
graph line, its advantage must sooner or later be made ser- 
viceable. 

Instead of the magneto machine and call bell, which have 
already been described in connection with the telephone, a bat- 
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tery and vibrating bell may be, and sometimes are used for sig- 
naling purposes. Fig. 24 represents the connections for an 
arrangement of this kind. The line wire is joined to the back 
end of a four point button switch, S. The right hand front con- 
tact leads to one end of the helices which surround the bell 
magnet, and whose opposite end is in metallic connection with 
the armature lever. In its normal position this lever is held by 
a spiral spring against the back stop, which is joined to a wire 
leading to the ground. The middle front point of the switch 
communicates with one pole of a battery, E, whose opposite pole 
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is in connection with the ground wire, and the left hand point is 
connected to one or two telephones, T, also in communication 
with the ground. 

When the apparatus is not being used the switch is left on 
the right hand contact, so that a current coming from the line 
has a free path through the helices, armature lever and back 
stop to earth. The soft iron core is thus rendered magnetic and 
attracts the armature, but after the latter has moved a short 
distance it leaves the spring forming part of the back stop, and 
in so doing breaks the circuit. The magnetism of the cores 
consequently disappears, and the armature is drawn back so as 
to complete the circuit once more, when another attraction fol- 
lows, and so the process goes on alternating as long as battery 
is kept on at the distant station. Each attraction, therefore, 
occasions a distinct tap upon the bell, and as the magnetization 
and demagnetization are exceedingly rapid, the taps consequently 
succeed each other with sufficient rapidity to keep up a continu- 
ous ringing. 

If the attendant at the distant station is wanted, the switch is 
placed on the middle contact, which allows the current from bat- 
tery E to pass into the line, causing the distant bell to ring. The 
switch is then turned to the nght again, when, if the signal has 
been observed, an acknowledgment to that effect is given by the 
distant correspondent placing his battery in circuit, and thereby 
in turn causing the bell at the station which originally gave the 
signal to ring. Both switches are then turned to the left hand 
side, by which means the telephones are put in circuit and made 
available for the interchange of correspondence. 

Fig. 25 shows an arrangement for a Morse and telephone com- 
bination, which in many cases it is very convenient to have. 
When the switch is turned on to the right hand contact point 
the Morse apparatus is in circuit, and can then be used for the 
exchange of business in the ordinary way. The Morse apparatus 
answers also for a call to attract the attention of a correspondent 
when wanted; the local battery has been omitted in the diagram. 
When the switch is turned to the left the telephones alone are 
in circuit. 
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Before leaving the subject we must more particularly mention 
one point in connection therewith that is of too much interest to 
be overlooked. This is in relation to the various characteristics 
or forms of action that take place in the transmission of articu- 
laté speech, and which furnish us, in the operation of the 
Speaking Telephone, with a most beautiful illustration of the 
correlation of forces, or of their mutual convertibility from 
one form into another. When we speak into a telephone 
the muscular efforts exerted upon the lungs force the air 
through the larynx, within which are situated two membranes 
called the vocal chords. These can be tightened or relaxed at 


LINE 


Fig. 25. 


will by the use of certain muscles, and, being thrown into vibra- 
tion by the passage of the air, give rise to a series of sonorous 
waves or aerial pulsations, varying in pitch with the tension or 
laxity of the chords, The impact of these pulsations against the 
metallic diaphragm produces, in turn, corresponding vibrations 
of the latter, which, as we have seen, is in close proximity to the 
poles of a permanent magnet. By this means, therefore, the 
inductive action of the diaphragm on the magnet is called into 
play, and there is consequently generated in the surrounding 
helix a series of electrical currents, which the intervening con- 
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ductor conveys to the distant station, where their further action 
is then spent in the production of magnetism. The receiving 
diaphragm, being then thrown into vibration by the resulting 
attractions, responds with faithful accuracy to the vibrations 
originally produced at the transmitting end of the line, and thus 
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Fig. 26. 
also reproduces those sonorous waves which reach the ear and 
give us the sensation of sound. Here, then, we have, first, the 
mechanical effects of muscular action converted into electricity, 
then into magnetism, and finally back again into mechanical 
action. At each transformation, however, a portion of the 
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energy is lost, so far as its available usefulness is concerned ; and, 

therefore, the sound waves which reach the ear, although pre- 
cisely similar in pitch and quality to those first produced by the 
vocal organs, are nevertheless much enfeebled—their amplitude, 
on which alone loudness depends, being diminished by the 
amount of energy lost in the transformation. 
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During the past year the articulating or Speaking Telephone 
has attracted very general interest and attention, not only in this 
country but also`in Europe. It has already been extensively 
introduced here upon many of cur short lines, and bids fair to 
become of almost universal application in a very short time, its- 
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extreme simplicity and the reliability of its operation rendering 
it one of the most convenient of the many electrical appliances 
in use. In Germany it has been adopted as a part of the tele- 
graph system of the country, and there, as well asin other foreign 
countries, it is also being generally introduced for various private 
Dalia for establishing communication with the interior of coal 
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and iron mines, and for facilitating the carrying on of a multitude 
of industries of various kinds, 
The innumerable uses to which the telephone has already been 
applied shows more forcibly than anything else its practical im- 
portance, and the advantages it affords for communicating 


46 THE SPEAKING TELEPHONE. 


between places separated even by comparatively long distances ; 
no more convenient or serviccable instrument for this purpose 
has ever been produced, while at the same time it is capable of 
being used by every one. It can also be united with the District 
Telegraph system, so extensively developed here, and thereby 
the range of the latter system, which 1s now limited to a few 
special calls, such as police, fire, hack, ete., may be very much 
extended and improved. In addition to thiz again, its connection 
with the general telegraph system will soon greatly increase the 
usefulness of that service, by bringing many villages and hamlets 
that are now destitute of any telegraphic facilities whatever into 
communication with the rest of the world. Hitherto the great 
obstacle in the way of accomplishing «his object has been the 
expense of keeping skilled employés at such placcs, where the 
business receipts are usually less thar: would be required to pay 
the salary of an operator. The application of the telephone, 
however, now provides the means of connecting these places to 
the nearest telegraph office with very little trouble and with little 
or no outlay for running expenses. We may therefore confidently 
expect that another year or two will cuffice to establish telegraph 
communication with nearly every place in the country. 

The apparatus, as at present furnished to the public by the 
American Speaking Telephone Co., is all contained in a neatly 
finished oblong box, which has already been described on 
pages 25 and 26. Figs. 11 and 12 show the outfit complete. 

Fig. 26 gives a large size front view of the telephone, and 
also shows the manner of holding it when in use. Manu- 
facturers and others, whose works are situated at some dis- 
tance from their offices, will hardly need to be told of the 
advantages that may be derived from the uce of the telephone, 
whereby they are at all times practically enabled to oversee and 
personally superintend the details of affairs at the works; these 
must be evident to every one. It will also appear equally 
obvious that large and expensive warchouses may in many cases 
be dispensed with in cities where rents are always high, the 
telephone rendering it possible to fill orders at a moment's 
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notice directly from the factory or works quite as readily as from 
the warehouse, and at much less expense. Figs, 27 and 28 clearly 
illustrate the facility with which communication may be main- 
tained between office and factory, and plainly show to what ex- 
tent personal supervision may be exercised without at all neces- 
sitating the presence of the managing director at the place itself. 
In the former figure the manager at his desk in the city is seen 
giving instructions to his foreman, who is shown at the works in 
the latter, carefully noting everything that is being said. 

As a matter of prophetic interest in connection with the tele- 
phone we feel constrained to reproduce here an extract from a 
popular little work, published a few years ago in France.1 The 
author, as will be seen, strikingly foreshadows the realization of 
the Speaking Telephone as it exists to-day, complete in every- 
thing but loudness of articulation. Speaking of the marvels in 
telegraphy, he says: 


“ Wonderful as are these achievements, the inventions in tele- 
graphy have gone still further. To be able to transmit thought 
to a distance is a triumph which was formerly astonishing; but 
we are now accustomed to it, and continue to practice it without 
its creating the slightest wonder. To be able to transmit hand- 
writing, and even drawings, appeared to be more difficult; but 
this problem has also been resolved, and we now hardly wonder 
that this feat is accomplished by means so simple. Mankind 
ever requires a new stimulus to its curiosity, and already it is 
looking forward to the discovery of more marvels in telegraphy. 
Some years hence, for all we know, we may be able to transmit 
the vocal message itself, with the very inflection, tone and ac- 
cent of the speaker. Already has the acoustic telegraph been 
invented; the principle has been discovered, and it only remains 
to render the invention practicable and useful—a result which, 
in these days of science, does not appear to be impossible. 

Sound, of whatever kind, is produced by a series of vibra- 
tions, more or iess rapid, which, setting out from a sonorous 
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body, traverse the air and reach our ear. Just as a stone, 
dropped into a pond, throws off a succession of circular undu- 
lations or water rings, so a concussion, acting on the air, pro- 
duces analogous vibrations, though they are invisible, and it is 
when these vibrations reach the ear that we become sensible of 
sound. Helmholtz, an eminent German scientist, has analyzed 
the human voice and determined its musical value. According 
to him each simple vowel is formed by one or more notes of the 
scale, accompanied by other and feebler notes which are harmo- 
nics of these. He demonstrates that it is the union of all these 
notes that give quality to the voice. Every syllable is formed by 
the notes of the vowel accomplished by different movements of 
the organs of the mouth. Helmholtz, reflecting upon this, 
thinks it would be possible to construct a human voice by artifi- 
cially producing and combining the elementary sounds of which 
it is composed. This is not the place to discuss such theories, 
but if we grant that there is any truth in them, we can under- 
stand that the acoustic telegraph can be invented and can trans- 
mit the living voice. Already experiments have been made in 
this direction. | 

A vibrating plate produces a sound, and, according to the 
rapidity of the vibrations, these sounds are sharp or flat At 
each of the vibrations the plate touches a small point placed in 
front of it, and this contact suffices to throw the current into the 
line. When the plate ceases to vibrate and returns to its posi- 
tion of equilibrium, it no longer touches the metal point and the 
current is consequently interrupted. By this means is obtained 
a series of interruptions, more or less rapid, according to the 
sound, the current being thrown into the line and interrupted 
once for each of the vibrations. 

At the extremity of the line the current enters an electro- 
magnet, which attracts another vibrating plate of size and qual- 
ity identical with the former. Attracted and repelled very 
rapidly, exactly, and as rapidly in fact as the plate mentioned 
above, this second plate gives forth a sound which will have the 
same musical value as that of the other, as the number of vibra- 
tions per second is the same in both cases. 
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Should this process be perfected it will be possiblẹ to transmit 
sound by means of the telegraph—to transmit a series of sounds, 
a tune, or spoken sentence and conversation. This consumma- 
tion has not, however, been yet attained. Many experiments 
have been made, the principle has been applied in divers ways, ~ 
and everything makes us hope that we will yet arrive at a perfect 
system of acoustic telegraphy. Advances have been made very 
far upon the road to success. A serics of vibrating plates, an- 
swering to the strings of a harp, has been arranged, each of 
which vibrates when struck by a particular sound, and sends off 
electricity to create at the end of a line the same vibrations in a 
corresponding plate, or, in other words, to reproduce the same 
sound. 

This system, it must be admitted, is at least very ingenious. 
Experiments have been made in laboratories, that is to say under 
conditions entirely favorable, and such as we would not often 
find in actual practice. Under these conditions a musical air 
has actually been successfully transmitted by this acoustic tele- 
graph. All must admit that this is a promising beginning; but 
we must not make too much haste to exalt the miracle and to 
extol the advantages of the future machine, or to abandon our- 
selves to the indulgence in indiscriminate laudation on the 
strength of this new discovery. That would be a gross mistake 
and an injury to science. True scientific faith is doubt, until 
the truth appears in uncontrovertible clearness.) Care must be 
taken not to take for reality that which is merely a desire on our 
part. We must guard against all premature exultation, because 
it weakens us in the search for truth, and because even one de- 
ception is cruel. Let us therefore give to doubt, to patience and 
to perseverance, the place which some too readily give to con- 
gratulation.” 


CHAPTER IL 
BELL'S TELEPHONIC RESEARCHES, 


In a lecture delivered before the Society of Telegraph En- 
gineers, in London, October 31st, 1877, Prof. A. G. Bell gave a 
history of his researches in telephony, together with the experi- 
ments that he was lec to undertake in his endeavors to produce 
a practical system oi multiple telegraphy, and to realize also the 
transmission of articulate speech. As the subject has now be- 
come of grest interest, both in a scien¢fic and popular poins of 
view, we feel warranted in reproducing the lecture in full After 
the usual introc'uction, Professor Bell said: 

“Tt is to-night my pleasure, as well as duty, to give you some 
account of the telephonic researches in which I have been so 
long engaged. Many years ago my attention was directed to 
the mechanism of speech by my father, Alexander Melville 
Bell, of Edinburgh, who has made a life-long study of the 
subject. Many of those present may recollect the invention 
by my father of a means of representing, in a wonderfully ac- 
curate manner, the positions of the vocal organs in forming 
sounds. Together we carried on quite a number of experiments, 
seeking to discover the correct mechanism of English and foreign 
elements of speech, and I remember especially an investigation 
in which we were engaged concerning the musical relations of 
vowel sounds, When vowel sounds are whispered, each vowel 
seems to possess a particular pitch of its own, and by whispering 


certain vowels in succession a musical scale can be distinctly ` 


perceived. Our aim was to determine the natural pitch of each 
vowel; but unexpected difficulties made their appearance, for 
many of the vowels seemed to possess a double pitch—one due, 
probably, to the resonance of the air in the mouth, and the other 
to the resonance of the air contained in the cavity behind the 
tongue, comprehending the pharynx and larynx. 
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I hit upon an expedient for determining the pitch, which, at 
that time, I thought to be original with myself It consisted in 
vibrating a tuning fork in front of the mouth while the positicns 
of the vocal organs for the various vowel sounds were silently 
taken. It was found that each vowel position caused the rein- 
forcement of some particular fork or forks 

I wrote an account of these researches to Mr. Alex. J. Ellis, 
of London, whom I have very great pleasure in seeing here to- 
night. In reply, he informed me that the experiments related 
had already been performed by Helmholtz, and in a much more 
perfect manner than [ had done. Indeed, he said that Helm- 
holtz had not only analyzed the vowel sounds into their con- 
stituent musical elements, but had actually performed the syn- 
thesis of them. 

He had succeeded in producing, artificially, certain of the 
vowel sounds by causing tuning forks of different pitch to vi- 
brate simultaneously by means of an electric current. Mr. Ellis 
was kind enough to grant me an interview for the purpose of 
explaining the apparatus employed by Helmholtz in producing 
these extraordinary effects, and I spent the greater part of a de- 
lightful day with him in investigating the subject. At that 
time, however, I was too slightly acquainted with the laws of 
electricity fully to understand the explanations given; but the 
interview had the effect of arousing my interest in the subjects 
of sound and electricity, and I did not rest until I had obtained 
possession of a copy of Helmholtz’s great work,! and had at- 
tempted, in a crude and imperfect manner it is true, to reproduce 
his results) While reflecting upon the possibilities of the pro- 
duction of sound by electrical means, it struck me that tlie prin- 
ciple of vibrating a tuning fork by the intermittent attraction of 

an electro-magnet inight be apase to the electrical production 
of music. 

I imagined to myself a series of tuning forks of different 
pitches, arranged to vibrate atoia tipal y in the manner shown 


1 Helmholtz. Die Lehre von dem Tonempfindungen, (English translation, by 
Alexander J. Ellis, Theory of Tone.) 
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by Helmholtz—each fork interrupting, at every vibration, a vol- 

taic current—and the thought occurred, Why should not the 
' depression of a key like that of a piano direct the interrupted 
current from any onc of these forks, through a telegraph wire, to 
a series of electro-magnets operating the strings of a piano or 
other musical instrument, in which case a person might play the 
tuning fork piano in one place and the music be audible from 
the electro-magnetic piano in a distant city ? 

The more I reflected upon this arrangement the more feasible 
did it seem to me; indeed, I saw no reason why the depression 
of a number of keys at the tuning fork end of the cirenit should 
not be followed by the audible production of a full chord from 
the piano in the distant city, each tuning fork affecting at the re- 
ceiving end that string of the piano with which it was in unison. 
At this time the interest which I felt in electricity led me to 
study the various systems of telegraphy in use in this country 
and in America. I was much struck with the simplicity of the 
Morse alphabet, and with the fact that it’could be read by sound. 
Instead of having the dots and dashes recorded upon paper, the 
operators were in the habit of observing the duration of the click 
of the instruments, and in this way were enabled to distinguish 
by ear the various signals. 

It struck me that in a similar manner the duration of a musi- 
cal note might be made to represent the dot or dash of the tele- 
graph code, so that a person might operate one of the keys of 
the tuning fork piano referred to above, and the duration of the 
sound proceeding from the corresponding string of the distant 
piano be observed by an operator stationed there. It seemed to 
me that in this way a number of distinct telegraph messages 
might be sent simultaneously from the tuning fork piano to the 
other end of the circuit by operators, each manipulating a differ- 
ent key of the instrument. These messages would be read by 
operators stationed at the distant piano, each receiving operator 
listening for signals of a certain definite pitch, and ignoring all 
others. In this way could be accomplished the simultaneous 
transmission of a number of telegraphic messages along a single 
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wire, the number being limited only by the delicacy of the 
listener's ear. The idea of increasing the carrying power of a 
telegraph wire in this way took complete possession of my mind, 
and it was this practical end that I had in view when I com- 
menced my researches in electric telephony. 

In the progress of science it is universally found that com- 
plexity leads to simplicity, and in narrating the history of scien- 
tific research it is often advisable to begin at the end. 

In glancing back over my own researches, I find it necessary 
to designate, by distinct names, a varicty of electrical currents by 
means of which sounds can be produced, and I shall direct your 
attention to several distinct species of what may be termed tele- 
phonic currents of electricity. In order that the peculiarities of 
these currents may be clearly understood, I shall ask Mr. Frost 


Fig. 29. 


to project upon the screen a graphical illustration of the different 
varieties. 

The graphical milkda of representing electrical currents shown 
in fig. 29 is the best means I have been able to devise of studying, 
in an accurate manner, the effects produced by various forms of 
telephonic apparatus, and it has led me to the conception of that 
peculiar species of telephonic current, here designated as undula- 
tory, which has rendered feasible the artificial production of 
articulate speech by electrical means. 

A horizontal line (g g^) is taken as the zero of current, and im- 
pulses of positive electricity are represented above the zero line, 
and negative impulses below it, or vice versa. 

The vertical thickness of any electrical impulse (b or d), mea- 
sured from the zero line, indicates the intensity of the electrical 
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current at the point observed, and the horizontal extension of 
the electric line (6 or d) indicates the duration of the impulse. 

Nine varieties of telephonic currents may be distinguished, 
but it will only be necessary to show you six of these. The 
three primary varieties designated as intermittent, pulsatory and 
undulatory, are represented in lines 1, 2 and 3. 

Sub-varicties of these can be distinguished as direct or re- 
versed currents, according as the electrical impulses are all of 
one kind or are alternately positive and negative. Direct cur- 
rents may still further be distinguished as positive or negative, 
according as the impulses are of one kind or of the other. 

An intermittent current is characterized by the alternate pres- 
ence and absence of electricity upon the circuit ; 

A pulsatory current results from sudden or instantaneous 
changes in the intensity cf a continuous current; and 

An undulatory current is a current of electricity, the intensity 
of which varies in a manner proportional to the velocity of the 
motion of a particle of air during the production of a sound: 
thus the curve representing graphically the undulatory current 
fora simple musical tone is the curve expressive of a simple 
pendulous vibration—that is, a sinusoidal curve. 


[ ( aa 1 Positive intermittent current. 
Direct 


Negative 2 Negative T g 


\ 


Intermittent 
—~ Reversed 3 Reversed t: t 


Positive 4 Positive pulsatory current. 
3 \ Direct § pu y 
> 4 Pulsatory l l Negativo 5 Negative n 
& 


t 


—— Reversed 6 Reversed id t 


f Positive % Positive undulatory current. 
` Direct i 
Undulatory Ì | Negative 8 Negative s i 
—— Reversed 9 Reversed n . 


And here I may remark, that, although the conception of the 
undulatory current of electricity is entirely original with myself, 
methods of producing sound by means of intermittent and pul- 
satory currents have long been known. For instance, it was 
long since discovered that an electro-magnet gives forth a de- 
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cided sound when it is suddenly magnetized or demagnetized. 
When the circuit upon which it is placed is rapidly made and 
broken, a succession of explosive noises proceeds from the mag- 
net. These sounds produce upon the ear the effect of a musical 
note when the current is interrupted a sufficient number of 
times per second. The discovery of Galvanic Music by Page,! 
in 1837, led inquirers in different parts of the world almost 
simultaneously to enter into the field of telephonic research ; 
and the acoustical effects produced by magnetization were 
carefully studied by Marrian,? Beatson,’ Gassiot,4 De la 
Rive,> Matteucci,® Guillemin,” Wertheim,® Wartmann,’ Jan- 
niar,4® Joule,!! Laborde,!2 Legat,!8 Reis,14 Poggendorff,!5 


1 C. G. Page. “The Production of Galvanic Music.” Silliman’s Journ., 1837, 
xxxii. p. 896; Silliman’s Journ., 1838, xxxiii. p. 118; Bibl. Univ. (new series), 1839, 
ii. p. 398, 

a J. P. Marrian. Phil. Mag., xxv. p. 382; Inst., 1845, p. 20; Arch. de lÉlectr., 
v. p. 195. 

3 W. Beatson. Arch. de l'Électr., v. p. 197 5 Arch. de Se. Phys. et Nat. (2d series), 
ii. p. 113. 

4 Gassiot. Beo “Treatise on Electricity,” by De la Rive, i. p. 300. 

5 De la Rive. ‘Treatise on Electricity,” i. p. 3003 Phil. Mag., xxxv. p. 422; 
Arch. de PÉlectr. v. p. 200; Inst. 1846, p. 83; Comptes Rendus, xx. p. 1287; Comp. 
Rend. xxii. p. 432; Pogg. Ann. lxxv. p. 637; Ann. de Chim. et de Phys. xxvi. 
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P © Matteucci. Inst., 1845, p. 815; Arch. de l’Electr., v. 389. 

7 Quillemin. Comp. Rend. xxii. p. 264; Inst. 1846, p. 30; Arch. d. Sc. Phys. (2d 
series), 1. p. 191. 

3 G. Wertheim. Comp. Rend. xxii. pp. 336, 544; Inst. 1846, pp. 65, 100; Pogg. 
Ann, lxviii. p. 140; Comp. Rend. xxvi. p. 505; Inst. 1848, p. 142; Ann. de Chim. 
et de Phys. xxiii. p. 302; Arch. d. Sc. Phys. et Nat. viii. p. 206; Pogg. Ann. lxxii. 
p. 433 Berl. Ber. iv. n. 121. 

°’ Elie Wartmann. Comp. Rend. xxii. p. 544; Phil. Mag. (3d series), xxviii. p. 
544; Arch. d. Sc. Phys. et Nat. (2d series), i. p. 419; Inst. 1446, p. 290; Monatscher. 
d. Berl. Akad. 1846, p. 111. 

10 Jannair, Comp. Rend. xxiii. p. 319; Inst. 1846, p. 269; Arch. d. Se. Phys. et 
Nat. (2d series), ii. p. 394. 

11 J. F. Joule. Phil. May. xxv. pp. 76, 2253; Berl. Ber. iii. p. 489. 

13 Laborde. Comp. Rend. l. p. 692; Cosmos, xvii. p. 514. 

13 Legat. Brix. Z. S. ix. p.125 

14 Reis, “Téléphonie.” Polytechnic Journ. elxviii, p. 185; Böttger’s Notizbl. 
1863, No. 6. 

18 J. C. Poggendorf. Pogg. Ann. xeviii. p. 193; Berliner Monatsber, 1556, p. 1335 
Cosmos, ix. p. 49; Berl. Ber. xii. p. 2413 Pogg. Ann. Ixxxvii. p. 139. 
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Du Moncel,! Delezenne? and others. It should also be men- 
tioned that Gore* obtained loud musical notes from mercury, 
accompanied by singularly beautiful crispations of the sur- 
face, during the course of experiments in electrolysis; Page 
produced musical tones from Trevelyan’s bars by the action of 
the galvanic current; and further it was discovered by Sullivan® 
that a current of electricity is generated by the vibration of a wire 
composed partly of one metal and partly of another. The cur. 
rent was produced so long as the wire emitted a musical note, 
but stopped immediately upon the cessation of the sound. 

For several years my attention was almost exclusively directed 
to the production of an instrument for making and breaking a 
voltaic circuit with extreme rapidity, to take the place of the 
transmitting tuning fork used in Helmholtz’ researches, I will 
not trouble you with the description of all the various forms of 
apparatus that were devised, but will merely direct your atten- 
tion to one of the best of them, shown in fig. 80. In the trans- 
mitting instrument T a steel reed @ is employed, which is kept 
in continuous vibration by the action of an electro-magnet e and 
local battery. In the course of its vibration the reed strikes 
alternately against two fixed points m, l, and thus completes 
alternately a local and a main circuit, When the key K is 
depressed, an intermittent current from the main battery B 
is directed to the line wire W, and passes through the electro- 
magnet E of a receiving instrument R at the distant end of the 
circuit, and thence to the ground G. The steel reed A is placed 


1 Du Moncel, Exposé, ii. p. 1253 also, iii. p. 83. 

2 Delezenne. ‘Sound produced by magnetization,” Bibl, Univ. (new series), 
1841, xvi. p. 406. 

3 Seo London Journ. xxxii. p. 402; Polytechnic Journ. ex. p. 16; Cosmos, iv. 
p. 43; Glosener——Traité général, &e. p. 35u; Dove.-Repert. vi. p- 58; Pogg. Ann. 
xliii. p. 411; Berl. Ber. i. p. 144;. Arch. d. Se. Phys. et Nat. xvi. p. 406 ; Kuhn's 
Hneyclopadia der Physik, pp. 1014-1021. 

4 Gore. Proceedings of Roya Society, xii. p. 217. 

6 0. G. Page. “Vibration ot Trevelyan's bars by the galvanic current.” Silli- 
man's Journal, 1850, ix. pp. 105-108, 

¢ Sullivan. ‘Currents of Electricity produced by the vibration of Metals,” Phil. 

Mag. 1845, p. 261; Arch. de )’Electr. x. p. 430. 
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in front of the receiving magnet, and when its normal rate of 
vibration is the same as the reed of the transmitting instrument 
it is thrown into powerful vibration, emitting a musical tone of a 
similar pitch to that produced by the reed of the transmitting 
instrument, but if itis normally of a different pitch it remains 
silent. 

A glance at figs, 81, 32 and 33 will show the arrangement of such 
instruments upon a telegraphic circuit, designed to enable a num- 
ber of telegraphic despatches to be transmitted simultaneously 


Fig. 30. 


along the same wire. The transmitters and receivers that are 
numbered alike have the same pitch orrateof vibration. Thus the 
reed of Tis in unison with the reeds T” and R’ at all the stations 
upon the circuit, so that a telegraphic despatch sent by the man- 
ipulation of the key K’ at the station shown in fig. 31, will be 
received upon the receiving instruments R’ at all the other 
stations upon the circuit. Without going into details, I shall 
merely say that the great defects of this plan of multiple tele- 
graphy were found to consist, firstly, in the fact that the receiving 
operators were required to possess a good musical ear in order to 
discriminate the signals; and secondly, that the signals could 
only pass in one direction along the line (so that two wires would 
be necessary in order to complete communication in both direc- 
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Figs. 31, 82, 33. 
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tions). The first objection was got over by employing the de- 
vice which I term a “vibratory circuit breaker,” shown in the 
next diagram, whereby musical signals can be automatically re- 
corded. 

Fig. 84 shows a receiving instrument, R, with a vibratory cir- 
cuit breaker V attached. The light spring lever V overlaps the 
free end of the steel reed A, and normally closes a local circuit, 
in which may be placed a Morse sounder or other telegraphic 
apparatus. When the reed A is thrown into vibration by the 
passage of a musical signal, the spring arm V is thrown upwards, 
opening the local circuit at the pointC. When the spring arm V 
is so arranged as to have normally a much slower rate of vibra- 
tion than the reed A, the local circuit is found to remain perma- 


nently open during the vibration of A, the spring arm V coming 
into contact with the point C only upon the cessation of the re- 
ceiver's vibration. Thus the signals produced by the vibration 
of the reed A are reproduced upon an ordinary telegraphic instru- 
ment in the local circuit. ° 

Fig. 85 shows the application of electric telephony to auto- 
graphic telegraphy. q, q represent the reeds of transmitting instru- 
ments of different pitch, s, s the receivers at the distant station of 
corresponding pitch, and u, u, ete., the vibratory circuit breakers 
attached to the receiving instruments, and connected with metallic 
bristles resting upon chemically prepared paper w. The message 
or picture to be copied is written upon a metallic surface, p, with 
non-metallic ink, and placed upon a metallic cylinder connected 
with the main battery, c; and the chemically prepared paper, 
upon which the message is to be received, is placed upon a 
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metallic cylinder connected with the local battery d at the 
receiving station. When the cylinders at either end of the cir- 
cuit are rotated—but not necessarily at the same rate of speed— 
a fae simile of whatever is written or drawn upon the metallic 
surface p appears upon the chemically prepared paper w. 

The method by means of which musical signals may be sent 
simultaneously in both directions along the same circuit is shown 
in our next illustration, figs. 86,87 and 88. The arrangement is 
similar to that shown in figures 31, 82 and 33, excepting that the 
intermittent current from the transmitting instruments is passed 


through the primary wires of an induction coil, and the receiving 
instruments are placed in circuit with the secondary wire. In this 
way free earth communication is secured at either end of the 
circuit, and the musical signals produced by the manipulation of 
any key are received at all the stations upon the line The 
great objection to this plan is the extreme complication of the 
parts and the necessity of employing local and main batteries at 
every station. It was also found by practical experiment that 
it was difficult, if not impossible, upon either of the plans here 
shown, to transmit simultaneously the number of musical tones 
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Figs. 36, 37, 38. 
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that theory showed to be feasible. Mature consideration re- 
vealed the fact that this difficulty lay in the nature of the electrical 
current employed, and was finally obviated by the invention of 
the undulatory current. 

It is a strange fact that important inventions are often made 
almost simultaneously by different persons in different parts of 
the world, and the idea of multiple telegraphy, as developed in 
the preceding diagrams, scems to have occurred independently 
to no less than four other inventors in America and Europe. 
Even the details of the arrangements upon circuit—shown in 
figs 31, 32, 33 and 36, 37, 38—are extremely similar in the plans 
proposed by Mr. Cromwell Varley, of London, Mr. Elisha Gray, 


Fig. 89. 

of Chicago, Mr. Paul La Cour, of Copenhagen, and Mr. Thomas 
Edison, of Newark, New Jersey. Into the question of priority 
of invention, of course, it is not my intention to go to-night. 

That the difficulty in the use of an intermittent current may 
be more clearly understood, I shall ask you to accompany me 
in my explanation of the effect produced when two musical 
signals of different pitch are simultaneously directed along the 
same circuit. Fig. 39 shows an arrangement whereby the reeds 
r r of two transmitting instruments are caused to interrupt 
the current from the same battery, B. We shall suppose the 
musical interval between the two reeds to be a major third, in 
which case their vibrations are in the ratio of 4 to 5,1 e, 4 
vibrations of r are made in the same time as 5 vibrations of r’. 
A and B represent the intermittent currents produced, 4 im- 
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pulses of B being made in the same time as 5 impulses of A. 
The line A + B represents the resultant effect upon the main 
line when the reeds r and r’ are simultaneously caused to make 
and break the same circuit, and from the illustration you will 
perceive that the resultant current, whilst retaining a uniform 
intensity, is less interrupted when both reeds are in operation 
than when one alone is employed. By carrying your thoughts 
still further, you will understand that when a large number of 
reeds of different pitch or of different rates of vibration are sim- 
ultaneously making and breaking the same circuit, the resultant 
effect upon the main is practically equivalent to one contin- 
uous current. 1 

It will also be understood that the maximum number of 


Fig. 40. 


musical signals that can be simultaneously directed along a 
single wire without conflict, depends very much upon the ratio 
which the “make” bears to the “ break;” the shorter the con- 
tact made, and the longer the break, the greater the number of 
signals that can be transmitted without confusion, and vice versa. 
The apparatus by means of which this theoretical conclusion has 
been verified is here to-night, and consists of an ordinary parlor 
harmonium, the reeds of which are operated by wind in the 
usual manner. In front of each reed is arranged a metal screw, 
against which the reed strikes in the course of its vibration. By 
adjusting the screw, the duration of the contact can be made 
long or short. The reeds are connected with one pole of a 
battery, and the screws against which they strike communicate 
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with the line wire, so that intermittent impulses from the battery 
are transmitted along the line wire during the vibration of the 
reeds, 

We now proceed to the next illustration. Without entering 
into the details of the calculation you will see that with a pulsa- 


Fig. 41. 


tory current the effect of transmitting musical signals simultane- 
ously is nearly equivalent to a continuous current of minimum 
intensity—see A+B, fig. 40; but when undulatory currents 
are employed the effect is different—see fig. 41. The current 


Fig. 42. 


from the battery B is thrown into waves by the inductive action 
of iron or steel reeds vibrated in front of electro-magnets placed 
in circuit with the battery; A and B represent the undulations 
caused in the current by the vibration of the magnetized. bodies, 
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and it will be seen that there are four undulations of B in the 
same time as five undulations of A. The resultant effect upon 
the main line is expressed by the curve A +B, which is the alge- 
braical sum of the sinusoidal curves A and B. A similar effect 
is produced when reversed undulatory currents are employed, as 
shown in fig. 42, where the current is produced by the vibration 
of permanent magnets in front of electro-magnets united upon a 
circuit without a voltaic battery. It will be understood from figs. 
41 and 42 that the effect of transmitting musical signals of dif- 
ferent pitches simultaneously along a single wire is not to ob- 
literate the vibratory character of the current, as in the case of 
intermittent and pulsatory currents, but to change the shapes of 


the electrical undulations, In fact, the effect produced upon the 
current is precisely analogous to the effect produced in the air 
by the vibration of the inducing bodies. Hence it should be 
possible to transmit as many musical tones simultaneously 
through a telegraph wire as through the air. The possibility of 
using undulatory currents for the purposes of multiple telegraphy 
enabled me to dispense entirely with the complicated arrange- 
ments of the circuit shown in figs. 31, 32, 33 and 36, 37, 38, and to 
employ asingle battery for the whole circuit, retaining only the 
receiving instruments formerly shown. This arrangement is 
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represented in fig. 43. Upon vibrating the steel reed of a re- 
ceiver R, R’, at any station by any mechanical means, the corre- 
sponding reeds at all the other stations are thrown into vibration, 
reproducing the signal. By attaching the steel reeds to the 
poles of a powerful permanent magnet, as shown in fig. 45, the 
signals can be produced without the aid of a battery. 

I have formerly stated that Helmholtz was enabled to produce 
vowel sounds artificially by combining musical tones of different 
pitches and intensities His apparatus is shown in fig 44 
Tuning forks of different pitch are placed between the poles of 
electro-magnets (a’, a?, &c.), andare keptin continuous vibration 
by the action of an intermittent current from the fork b Reso- 


Fig. 44 


nators 1, 2, 3, etc., are arranged so as to reinforce the sounds in 
a greater or less degree, according as the exterior orifices are 
enlarged or contracted. 

Thus it will be seen that upon Helmholtz’s plan the tuning 
forks themselves produce tones of uniform intensity, the loud- 
ness being varied by an external reinforcement; but it struck me 
that the same results would be obtained, and in a much more 
perfect manner, by causing the tuning forks themselves to vibrate 
with different degrees of amplitude. I therefore devised the 
apparatus shown in fig. 45, which was my first form of articulat- 
ing telephone. In this figure a harp of steel rods is employed, 


1 The full description of this figure will be found in Mr. Alexander J. Ellis’s 
translation of Helmholtz’s work, ‘‘ Theory of Tone.” 
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attached to the poles of a permanent magnet, N. S. When any 
one of the rods is thrown into vibration an undulatory current 
is produced in the coils of the electro-magnet E, and the electro- 
magnet K’ attracts the rods of the harp H’ with a varying force. 
throwing into vibration that rod which is in unison with the} 
vibrated at the other end of the circuit. Not only so, but the 
amplitude of vibration in the one will determine the amplitude 
of vibration in the other, for the intensity of the induced current 
is determined by the amplitude of the inducing vibration, and 
the amplitude of the vibration at the receiving end depends 
upon the intensity of the attractive impulses. When we sing 
into a piano, certain of the strings of the instrument are set in 
vibration sympathetically by the action of the voice with differ- 


Fig. 45. 


ent degrees of amplitude, and a sound, which is an approxima- 
tion to the vowel uttered, is produced from the piano. Theory 
shows that, had the piano a very much larger number of strings 
to the octave, the vowel sounds would be perfectly reproduced. 
My idea of the action of the apparatus, shown in fig. 45, was 
this: Utter a sound in the neighborhood of the harp H, and 
certain of the rods would be thrown into vibration with differ- 
ent amplitudes. At the other end of the circuit the correspond- 
ing rods of the harp H’ would vibrate with their proper relations 
of force, and the timbre of the sound would be reproduced. The 
expense of constructing such an apparatus as that shown in fig. 
45 deterred me from making the attempt, and I sought to sim- 
plify the apparatus before venturing to have it made. 

I have before alluded to the invention by my father of a sys- 
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tem of physiological symbols for representing the action of the 
vocal organs, and I had been invited by the Boston Board of 
Education to conduct a series of experiments with the system in 
the Boston school for the deaf and dumb. It is well known that 
deaf mutes are dumb merely because they are deaf, and that there 
is no defect in their vocal organs to incapacitate them from utter- 
ance. Hence it was thought that my father’s system of pictorial 
symbols, popularly known as visible speech, might prove a means 
whereby we could teach the deaf and dumb to use their vocal 
organs and to speak. The great success of these experiments 
urged upon me the advisability of devising methods of exhibit- 
ing the vibrations of sound optically, for use in teaching the 
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Fig. 46. 


deaf and dumb. For some time I carried on experiments with 
the manometric capsule of Kéenig and with the phonautograph 
of Léon Scott. The scientific apparatus in the Institute of Tech- 
nology in Boston was freely placed at my disposal for these ex- 
periments, and it happened that at that time a student of the 
Institute of Technology, Mr. Maurey, had invented an improve- 
ment upon the phonautograph. He had succeeded in vibrating 
by the voice a stylus of wood about a foot in length, which was 
attached to the membrane of the phonautograph, and in this 
way he had been enabled to obtain enlarged tracings upon a 
plane surface of smoked glass. With this apparatus I succeeded 
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in producing very beautiful tracings of the vibrations of the air 
for vowel sounds. Some of these tracings are shown in fig. 46. 
I was much struck with this improved form of apparatus, and it 
occurred to me that there was a remarkable likeness between 
the manner in which this piece of wood was vibrated by the 
membrane of the phonautograph and the manner in which the 
ossiculæ of the human ear were moved by the tympanic mem- 


Fig. 47. 


brane. I determined, therefore, to construct a phonautograph 
modelled still more closely upon the mechanism of the human 
ear, and for this purpose I sought the assistance of a distin- 
guished aurist in Boston, Dr. Clarence J. Blake. He suggested 
the use of the human ear itself as a phonautograph, instead of 
making an artificial imitation of it. The idea was novel and 
struck me accordingly, and I requested my friend to prepare 
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a specimen for me, which he did. ‘The apparatus, as finally con- 
structed, is shown in fig. 47. The stapes was removed and a 
stylus of hay about an inch in length was attached to the end 
of the incus Upon moistening the membrana tympani and the 
ossiculze with a mixture of glycerine and water the necessary 
mobility of the parts was obtained, and upon singing into the 
external artificial ear the stylus of hay was thrown into vibration, 
and tracings were obtained upon a plane surface of smoked 
glass passed rapidly underneath. While engaged in these ex- 
periments I was struck with the remarkable disproportion in 
weight between the membrane and the bones that were vibrated 
by it. It occurred to me that if a membrane as thin as tissue 
paper could control the vibration of bones that were, compared 
to it, of immense size and weight, why should not a larger and 
thicker membrane be able to vibrate a piece of iron in frunt of 


an electro-magnet, in which case the complication of steel rods 
shown in my first form of telephone, fig. 45, could be done 
away with, and a simple piece of iron attached to a membrane 
be placed at either end of the telegraphic circuit. 

Fig. 48 shows the form of apparatus that I was then employ- 
ing for producing undulatory currents of electricity for the pur- 
poses of multiple telegraphy. A steel reed, A, was clamped 
firmly by one extremity to the uncovered leg A of an electro- 
magnet E, and the free end of the reed projected above the 
covered leg. When the reed A was vibrated in any mechanical 
way the battery current was thrown into waves, and electrical 
undulations traversed the circuit B E W E’, throwing into vibra- 
tion the corresponding reed A’ at the other end of the circuit. 
I immediately proceeded to put my new idea to the test of 
practical experiment, and for this purpose I attached the reed 
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A (fig. 49) loosely by one extremity to the uncovered pole A of 
the magnet, and fastened the other extremity to the centre of a 
stretched membrane of goldbeaters’ skin n. I presumed that 
upon speaking in the neighborhood of the membrane n it would 
be thrown into vibration and cause the stecl reed A to move in 
a similar manner, occasioning undulations in the electrical cur- 
rent that would correspond to the changes in the density of the 
air during the production of the sound; and I further thought 
that the change of the intensity of the current at the receiving 
end would cause the magnet there to attract the reed A’ in such 
a manner that it should copy the motion of the reed A, in which 
case its movements would occasion a sound from the membrane 
n’ similar in timbre to that which had occasioned the original 
vibration. 


Fig. 49. 


The results, however, were unsatisfactory and discouraging. 
My friend, Mr. Thomas A. Watson, who assisted me in this first 
experiment, declared that he heard a faint sound proceed from 
the telephone at his end of the circuit, but I was unable to 
verify his assertion. After many experiments, attended by the 
aune only partially successful results, I determined to reduce 
the size and weight of the spring as much as possible. For this 
purpose I glued a piece of clock spring, about the size and shape 
of my thumb nail, firmly to the centre of the diaphragm, and 
had a similar instrument at the other end (fig. 50); we were 
then enabled to obtain distinctly audible effects? I remember 


1 In a suit tried in the Circuit Court of the United States, District of Massachu- 
setts, for an infringement of the patents issued to Alexander Graham Bell, Judge 
Lowell, in his decision sustaining the validity of the patents, says: The defend- 
antsinsist that the instrument represented [Fig. 49] will not transmit articulate 
speech; that this great result has been reached by Mr. Bell entirely through the 
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an experiment made with this telephone, which at the time gave 
me great satisfaction and delight. One of the telephones was 
placed in my lecture room in the Boston University, and the 
other in the basement of the adjoining building. One of my 
students repaired to the distant telephone to observe the effects 
of articulate speech, while I uttered the sentence, ‘Do you 


understand what I say?’ into the telephone placed in the lecture 
hall. To my delight an answer was returned through the in- 
strument itself, articulate sounds proceeded from the steel spring 
attached to the membrane, and I heard the sentence, “ Yes, I 
understand you perfectly.” It is a mistake, however, to suppose 


Fy. 51. 


that the articulation was by any means perfect, and expectancy 
no doubt had a great deal to do with my recognition of the 
sentence; still, the articulation was there, and I recognized the 
fact that the indistinctness was entirely due to the imperfection 
of the instrument. I will not trouble you by detailing the 


improvements described in his second patent, such as the substitution of a metal 
plate for the stretched membrane, and some others. 

The importance of the point is, that if Bell, who is admitted in this case to be 
the original and first inventor of any mode of trans.nitting speech, had not com- 
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various stages through which the apparatus passed, but shall 
merely say that after a time I produced the form of instrument 
shown in fig. 51, which served very well as a receiving tele- 
phone. In this condition my invention was exhibited at the 
Centennial Exhibition in Philadelphia. The telephone shown in 
fig. 50 was used as a transmitting instrument, and that in fig. 51 
as a receiver, so that vocal communication was only established 
in one direction. 

Another form of transmitting telephone exhibited in Phila- 
delphia, intended for use with the receiving telephone (fig. 51), 
is represented by fig. 52. 

A platinum wire attached to a stretched membrane completed 
a voltaic circuit by dipping into water. | Upon speaking to the 
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membrane articulate sounds proceeded from the telephone in the 
distant room. The sounds produced by the telephone became 
louder when dilute sulphurie acid, or a saturated solution of salt, 
was substituted for the water. Audible effects were also pro- 
duced by the vibration of plumbago in mercury, in a solution 


pleted his method, and put it into a working form when he took out his first pat- 
ent, he may lose the benefit of his invention ; because in his second patent, he 
makes no broad claim to the method or process, but only to the improvements 
upon a process assumed to have been sufficiently described in his first patent. 

There is some evidence that Bell’s experiments with the instrument described 
[Fig. 49], before he took out his patent, were not entirely successful; but this is 
now immaterial; for it is proved that the instrument will do the work, whether 
the inventor knew it or not, and in the mode pointed out by the specification. 
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of bichromate of potash, in salt and water, in diluted sulphuric 
acid, and in pure water. 

The articulation produced from the instrument shown in tig. 
51 was remarkably distinct, but its great defect consisted in the 
fact that it could not be used as a transmitting instrument, and 
thus two telephones were required at each station, one for trans- 
mitting and one for receiving spoken messages. 

It was determined to vary the construction of the telephone 
shown in fig. 50, and I sought, by changing the size and tension 
of the membrane, the diameter and thickness of the steel spring, 
the size and power of the magnet, and the coils of insulated wire 
around their poles, to discover empirically the exact effect of 
each element of the combination, and thus to deduce a more per- 
fect form of apparatus. It was found that a marked increase in 


Fig. 53. 


the loudness of the sounds resulted from shortening the length 
of the coils of wire, and by enlarging the iron diaphragm which 
was glued to the membrane. In the latter case, also, the dis- 
tinctness of the articulation was improved. Finally, the mem- 
brane of gold beaters’ skin was discarded entirely, and a simple 
iron plate was used instead, and at once intelligible articulation 
was obtained. The new form of instrument is that shown in 
fig. 58, and, as had been long anticipated, it was proved that the 
only use of the buttery was to magnetize the iron core of the 
magnet, for the effects were equally audible when the battery 
was omitted and a rod of magnetized steel substituted for the 
iron core of the magnet. 

It was my original intention, as shown in fig. 45, and it was 
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always claimed by me, that the final form of telephone would 
be operated by permanent magnets in place of batteries, and 
numerous experiments had been carried on by Mr. Watson and 
myself privately for the purpose of producing this effect. 

At the time the instruments were first exhibited in public the 
results obtained with permanent magnets were not nearly so 
striking as when a voltaic battery was employed, wherefore we 
thought it best to exhibit only the latter form of instrument. 

The interest excited by the first published accounts of the 
operation of the telephone led many persons to investigate the 
subject, and I doubt not that numbers of experimenters have 
independently discovered that permanent magnets might be em- 
ploved instead of voltaic batteries. Indeed, one gentleman, 
Professor Dolbear, of Tufts College, not only claims to have 


discovered the magneto-electric telephone, but, I understand, 
charges me with having obtained the idea from him through the 
medium of a mutual friend. 

A still more powerful form of apparatus was constructed by 
using a powerful compound horse shoe magnet in place of the 
straight rod which had been previously used (see fig. 54). In- 
deed, the sounds produced by means of this instrument were of 
sufficient loudness to be faintly audible to a large audience, and 
in this condition the instrument was exhibited in the Essex In- 
stitute, in Salem, Massachusetts, on the 12th February, 1877, on 
which occasion a short speech shouted into a similar telephone 
in Boston, sixteen miles away, was heard by the audience in 
Salem. The tones of the speaker's voice were distinctly audible 
to an audience of six hundred people, but the articulation was 
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only distinct at a distance of about six feet. On the same occa- 
sion, also, a report of the lecture was transmitted by word of 
mouth from Salem to Boston, and published in the papers the 
next moming. 

From the form of telephone shown in fig. 53 to the present 
form of the instrument (fig. 55) is but a step. ät is, in fact, the 
arrangement of fig. 53 in a portable form, the magnet F H being 
placed inside the handle and a more convenient form of mouth- 
piece provided. The arrangement of these instruments upon a 
telegraphic circuit is shown in fig. 56. 

And here I wish to express my indebtedness to several scien- 
tific friends in America for their coöperation ‘and assistance. I 
would specially mention Professor Peirce and Professor Blake, 
of Brown University, Dr. Channing, Mr. Clarke and Mr. Jones. 
In Providenee, Rhode Island, these gentleman have been carry- 
ing on together experiments seeking to perfect the form of ap- 
paratus required, and I am happy to record the fact that they 
comnunicated to me each new discovery as it was made, and 
every new step in their investigations It was, of course, almost 
inevitable that these gentlemen should retrace much of the ground 
that had been gone over by me, and so it has happened that 
many of their discoveries had been anticipated by my own re- 
searches ; still, the very honorable way in which they, from time 
to time, placed before me the results of their discoveries, entitles 
them to my warmest thanks and to my highest esteem. It was 
always my belief that a certain ratio would be found between 
the several parts of a telephone, and that the size of the instru- 
ment was immaterial; but Professor Peirce was the first to de- 
monstrate the extreme smallness of the magnets which night be 
emploved, And here, in order to show the parallel lines im 
which we were working, I may mention the fact that two or 
three days after I had constructed a telephone of the portable 
form (fig. 55), containing the magnet inside the handle, Dr. 
Channing was kind enough to send me a pair ot telephones of 
a similar pattern, which had been mvented by the Providence 
expertimenters. The convenient form of mouthpiece shown in 
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fig. 55, now adopted by ime, was invented solely by my friend, 
Professor Peirce. I must also express my obligations to my; 
friend and associate, Mr. Thomas A. Watson, of Salem, Massa- 
chusetts, who has for two years past given me his personal assist- 
ance in carrying on my researches. 

In pursuing my investigations I have ever had one end in 
view—the practical improvement of electric telegraphy—but I 
have come across many facts which, while having no direct bear- 
ing upon the subject of telegraphy, may yet possess an interest 
for you.! 

For instance, I have found that a musical tone proceeds from 
a piece of plumbago or retort carbon when an intermittent cur- 
rent of electricity is passed through it, and I have observed the 
nost curious audible effects produced by the passage of reversed 
intermittent currents through the human body. A rheotome 
was placed in circuit with the primary wires of an induction coil, 
and the fine wires were connected with two strips of brass.) One 
of these strips was held closely against the ear, and a loud sound 
proceeded from it whenever the other slip was touched with the 
other hand. The strips of brass were next held one in each 
hand. The induced currents occasioned a muscular tremor in 
the fingers. Upon placing my forefinger to my ear a loud 
crackling noise was audible, seemingly proceeding from the tin- 
ger itself. A friend who was present placed my finger to his 
ear, but heard nothing. I requested him to hold the strips him- 
self. He was then distinctly conscious of a noise (which I was 
unable to perceive) proceeding from his finger. In this case a 
portion of the induced currents passed through the head of the 
observer when he placed his ear against his own finger, and it 
is possible that the sound was occasioned by a vibration of the 
surfaces of the ear and finger in contact. 

When two persons receive a shock from a Ruhmkorff's coil by 
clasping hands, each taking hold of one wire of the coil with 
the free hand, a sound proceeds from the clasped hands. The 


1 Nee Researches in Telephony. Trans. of American Acad. of Arts and Sciences, 
vol. xii, p. 1. 
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effect is not produced when the hands are moist. When 
either of the two touches the body of the other a loud sound 
comes from the parts in contact. When the arm of one ìs- 
placed against the arm of the other, the noise produced can be 
heard at a distance of several feet. In all these cases a slight 
shock is experienced so long as the contact is preserved. The 
introduction of a piece of paper between the parts in contact 
does not materially interfere with the production of the sounds, 
but the unpleasant effects of the shock are avoided. 

When an intermittent current from a Ruhmkorff's coil is 
passed through the arms a musical note can be perceived 
when the ear is closely applied to the arm of the person experi- 
mented upon. The sound seems to proceed from the muscles of 
the fore-arm and from the biceps muscle. Mr. Elisha Gray! has 


Fig. 55. 
also produced audible effects by the passage of electricity 
through the human body. 

An extremely loud musical note is occasioned by the spark of 
a Ruhmkorff’s coil when the primary circuit is made and broken 
with sufficient rapidity. When two rheotomes of different pitch 
are caused simultaneously to open and close the primary circuit 
a double tone proceeds from the spark. 

A curious discovery, which may be of interest to you, has 
been made by Professor Blake. He constructed a telephone in 
which a rod of soft iron, about six fect in length, was used 
instead of a permanent magnet. A friend sang a continuous 
musical tone into the mouthpiece of a telephone, like that shown 
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in fig. 55, which was connected with the soft iron instrument 
alluded to above. It was found that the loudness of the sound 
produced in this telephone varied with the direction in which 
the iron rod was held, and that the maximum effect was pro- 
duced when the rod was in the position of the dipping needle. 
This curious discovery of Professor Blake has been verified by 
myself. 

When a telephone is placed in circuit with a telegraph line 
the telephone is found seemingly to emit sounds on its own 
account. The most extraordinary noises are often produced, the 
causes of which are at present very obscure. One class of 
sounds is produced by the inductive influence of neighboring 
wires and by leakage from them, the signals of the Morse 
alphabet passing over neighboring wires being audible in the 
telephone, and another class can be traced to earth currents upon 
the wire, a curious modification of this sound revealing the 
presence of defective joints in the wire. 

Professor Blake informs me that he has been able to use the 
railroad track for conversational purposes in place of a tele- 
graph wire, and he further states that whcn only one telephone 
was connected with the track the sounds of Morse operating 
were distinctly audible in the telephone, although the nearest 
telegraph wires were at least forty fect distant. 

Professor Peirce has observed the most curious sounds pro- 
duced from a telephone in connection with a telegraph wire 
during the aurora borealis, and I have just heard of a curious 
phenomenon lately observed by Dr. Channing. In the city of 
Providence, Rhode Island, there is an overhouse wire about one 
mile in extent with a telephone at either end. On one occasion 
the sound of music and singing was faintly audible in one of 
the telephones. It seemed as if some one was practicing vocal 
music with a pianoforte accompaniment. The natural supposi- 
tion was that experiments were being made with the telephone 
at the other end of the circuit, but upon inquiry this proved not 
to have been the case. Attention having thus been directed to 
the phenomenon, a watch was kept upon the instruments, and 
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upon a sibsequent occasion the same fact was observed at both 
ends of the line by Dr. Channing and his friends. It was proved 
that the sounds continued for about two hours, and usually com- 
menced about the same time. A searching examination of the 
line disclosed nothing abnormal in its condition, and I am 
unable to give you any explanation of this curious phenomenon. 
Dr. Channing has, however, addressed a letter upon the subject 
to the editor of one of the Providence papers, giving the names 
of such songs as were recognized, with full details of the obser-’ 

vations, in the hope that publicity may lead to the discovery of 
the performer, and thus afford a solution of the mystery. 

My friend Mr. Frederick A. Gower communicated to me a 
curious observation made by him regarding the slight earth con- 
nection required to establish a circuit for the telephone, and 
tovether we carried on a series of experiments with rather start- 
ling results. We took a couple of telephones and an insulated 
wire about 100 yards in length into a garden, and were enabled 
to carry on conversation with the greatest ease when we held in 
our hands what should have been the earth wire, so that the con- 
nection with the ground was formed at either end through our 
bodies, our feet being clothed with cotton socks and leather 
boots. The day was fine, and the grass upon which we stood 
wis seemingly perfectly dry. Upon standing upon a gravel 
walk the vocal sounds, though much diminished. were still per- 
fectly intelligible, and the same result occurred when standing 
upon a ack wall one foot in height, but no sound was audible 
when one of us stood upon a block of freestone. 

One experiment which we made is so very interesting that I 
must speak of it in detail. Mr. Gower made earth connection 
at his end of the line by standing upon a grass plot, whilst at 
the other end of the line I stood upon a wooden board. Ire- 
quested Mr. Gower to sing a continuous musical note, and to 
my surprise the sound was very distinctly audible from the tele- 
phone in my hand. Upon examining my feet I discovered that 
a single blade of grass was bent over the edge of the board, p 
that my foot touched it The removal of this blade of gra 
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was followed by the cessation of the sound from the telephone, 
and I found that the moment I touched with the toe of my 
boot a blade of grass or the petal of a daisy the sound was 
again audible. 

The question will naturally arise, Through what length of 
wire can the telephone be used? In reply to this I may say 
that the maximum amount of resistance through which the un- 
dulatory current will pass, and yet retain sufficient force to pro- 
duce an audible sound at the distant end, has yet to be deter- 
mined; no difficulty, has, however, been experienced in labora- 
tory experiments in conversing through a resistance of 60,000 
ohms, which has been the maximum at my disposal. On one 
occasion, not having a rheostat at hand, I may mention having 
passed the current through the bodies of sixteen persons, who 
stood hand in hand. The longest length of real telegraph line 
through which I have attempted to converse has been about 250 


Fig. 56. 


miles. On this occasion no difficulty was experienced so long 
as parallel lines were not in operation. Sunday was chosen as 
the dav on which it was probable other circuits would be at 
rest. Conversation was carried on between myself, in New 
York, and Mr. Thomas A. Watson, in Boston, until the opening 
of business upon the other wires. When this happened the vocal 
sounds were very much diminished, but still audible. It seemed, 
indeed, like talking through a storm. Conversation, though pos- 
sible, could be carried on with difficulty, owing to the distracting 
nature of the interfering currents. 

I am informed by my friend Mr. Preece that conversation has 
been successfully carried on through a submarine cable, sixty 
iniles in length, extending from Dartmouth to the Island of 
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Guernsey, by means of hand telephones similar to that shown 
in fig. 56.” 

At the conclusion of the lecture complimentary remarks were 
made by the President and various other members who were 
present, and a cordial vote of thanks was extended to Professor 
Bell for his very philosophical and entertaining discourse. We 
reproduce a portion of the remarks made by Mr. Preece : 

“While on the one part Professor Bell has placed in our 
hands, to a certain extent, a new power, he has, on the other 
hand, thrown upon our shoulders an extra weight. The poor 
telegraph engineer has now to master many sciences. Not only 
must he know something of electricity and magnetism—not only 
must he know a good deal of chemistry—not only must he pass 
through various stages of mathematical knowledge, but now. 
thanks to Professor Bell, he is obliged to be master of the in- 
tricacies of acoustics. Ido not blame him, because the study 
of sound is in itself a beautiful occupation, and when it becomes 
linked to one’s profession it becomes almost a luxury. 

Professor Bell alluded to the fact that expectancy led him in 
his first telephone to anticipate what was said. I will give you 
an illustration of the effect of expectancy. It was my pleasure, 
on a recent occasion, to exhibit the telephone before a very large 
audience. Many learned men were present. There is one very 
remarkable feature of a learned meeting. When you call upon 
a learned member to make a learned remark he frequently 
makes a foolish one. Now, I selected one of the leading scien- 
tific men of the day, and placed the telephone in his hand. It 
was in connection with a similar instrument fifty-five miles 
away. Of course we expected to hear from him some learned 
axiom, some sage aphorism or some wonderful statement; but, 
after some hesitation, he said: ‘Hey diddle diddle—follow 
that up.” He rapidly put the telephone up to his ear and an- 
nounced with much glee, ‘He says, cat and the fiddle.’ Fifty 
miles off my assistant was answering the question. I asked him 
next day if he understood ‘Hey diddle diddle.’ He said ‘No. 
(What did vou say? *T asked him to repeat!” 


CHAPTER IIL 
THE TELEPHONE ABROAD. 


1 OF all modern inventions connected with the transmission of 
telegraphic signals, the telephone, devised by Mr. Alexander 
Graham Bell, has excited the most widespread interest and won- 
der. Wherever Mr. Bell has appeared before the public to give 
an account of his invention and the researches which have led 
up to it, crowds have assembled to hear him. Nor is this 
astonishing; for the telephone professes not only to convey 
intelligible signals to great distances without the use of a bat- 
tery, but to transmit in fac-simile the tones of the human voice, 
so that a voice shall be as certainly recognized when heard over 
a distance of a few hundreds of miles as if its owner were speak- 
ing in the room by our side. And the telephone does not fall 
short of its profession. Scientific men have had their wonder 
and curiosity aroused even more than the unscientific public, 
since a scientific man appreciates the enormous difficulties to be 
overcome before such an instrument can be realized. Had any 
hardy speculator a few years ago proposed a telephone which 
should act on the principle, and be constructed in the form, of 
Mr. Bell's instrument, he would probably have been considered 
a lunatic.2? The effects are so marvellous; the exciting causes at 
first sight so entirely inadequate to produce them. For a tele- 
phonic message differs as widely from an ordinary telegraphic 
message as a highly finished oil painting differs from a pace of 
print. In the one you have only white and black—black svin- 
bols on a white ground—the symbols being limited in number, 
and recurring again and again with mere differences of order. 
The painting, on the other hand, discloses every variety of color 
and arrangement. No sharp lines of discontinuity offend the 
eye; on the contrary, the tints shade off gradually and softly 


1 From the Weatminater Rerier. 2 See Buille’s prediction, page 47, 
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into each other, presenting tone and depth in endless variety. 
The page of print is unintelligible without the aid of a key; the 
painting tells its story plainly enough to any one who has eyes 
to see. 

Let us inquire for a moment what is the nature of the appar- 
atus which we have been using for the last thirty or forty years 
for the transmission of telegraphic signals. The instruments 
chiefly employed have been the single needle telegraph and the 
Morse instrument. In the former a coil of wire surrounds a 
magnetized needle, which is suspended in a vertical position. 
When an electrical current passes through the coil, the needle is 
deflected to right or left, according to the direction of the cur- 
rent. The sender, by means of a handle, can pass either positive 
or negative currents into the circuit. The right and left deflec- 
tions of the needle are combined in various ways to form the 
letters of the alphabet, and the letters form words. Thus, at 
the sending station a message is broken up into little bits, each 
bit or part of a bit transmitted separately, and the process of 
building these up again performed at the receiving station. 
Some of the letters of the alphabet are indicated by a single 
movement of the needle, that is, by a single current; for others, 
as many as four are required. 

In the Morse instrument only one current is utilized, which 
may be either positive or negative, and the requisite variety 
is obtained by allowing the current to pass through the cir- 
cuit for a longer or shorter interval. The essential part 
of the instrument consists of an electro-magnet with an iron 
armature attached to one end of a lever. At the other end 
of the lever is a pointer or pencil, and a paper ribbon moves at 
a constant rate in front of the end of the pointer. When the 
coils of the electro-magnet are traversed by a current, the iron 
arinature is attracted, and the pointer comes in contact with the 
paper ribbon, on which it makes a mark, long or short, according 
to the duration of the current. Thus are produced the dots and 
dashes. These are combined in a similar way to the right and 
left movements of the needle in the needle instrument. In some 
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of the more refined instruments letters are indicated and even 
printed directly at the receiving station. This is, of course, a 
great simplification ; but with such arrangements we cannot have 
more than this The page of print represents the limit of what 
such instruments and methods ean do for us It is true that a 
skilled operator with the Morse instrument can interpret the sig- 
nals as they arrive without looking at the marks on the paper, 
simply by using his ears. Every time the circuit is made or 
broken a click is heard, and long practice has taught him to rely 
on the evidence of his ears with as much confidence as one less 
accustomed to the work would trust his eyes. Nevertheless, he 
hears only a succession of clicks, which must be interpreted 
before they become intelligible to any one but himself. 

In these forms of apparatus, it will be observed, the currents 
are intermittent; each current, circulating through the coil, is 
followed by an interval of rest. They begin and end abruptly, 
and all perform the same kind of work; that is, they deflect a 
needle, or produce marks on a piece of paper. Telephonie cur- 
rents, on the other hand, rise and fall, ebb and flow, change in 
intensity within comparatively wide limits, but preserve their 
continuity so long as continuous sounds are being uttered in the 
neighborhood of the telephone. They are called undulatory 
currents, to distinguish them from the intermittent currents of 
the ordinary telegraphic apparatus; and their peculiar character 
is an essential feature of the telephone. 

No skill or training is required for the effective use of the 
telephone. The operator has merely to press the instrument to 
his ear to hear distinctly every sound transmitted from the dis- 
tant end. For this, it is true, an effort of attention is required, 
and some persons use the instrument at the first trial with more 
suecess than others. Individuals differ in the facility with which 
they are able to concentrate their attention on one car, so as to 
be practically insensible to what goes on around them. But this 
habit of attention is readily acquired, and when it is once 
acquired the telephone may be used by any one who has ears 
to hear and a tongue to speak. In sending a message, the instru- 
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ment is held about an inch in front of the mouth, and the sender 
merely talks into the mouthpiece in his ordinary, natural man- 
ner. The words are repeated by the instrument at the other end- 
of the circuit with the same pitch, the same cadences, and the 
same relative loudness. But what strikes one the most is that 
the character of the speaker's voice is faithfully preserved and 
reproduced. Thus one voice is readily distinguished from 
another. No peculiarity of inflection is lost Nor is this 
result effected over short distances only. No doubt a sen- 
tence will be heard with diminishing distinctness as it comes 
over an increasing distance. In this country experiments have 
not vet been made, so far as we know, over very long dis- 
tances; but Mr. Bell states that he carried on a conversation 
without any difficulty between Boston and New York, two hun- 
dred and fiftv-eight miles apart, through an ordinary telegraph 
wire. A man's breathing was distinctly heard one hundred and 
forty-nine miles away. At the Newport torpedo station, in 
Rhode Island, speaking was carried on through a line including 
five miles of submerged cable and an equal length of land wire. 
Resistance coils were added two thousand ohms at a time, until 
twelve thousand ohms were introduced into the circuit, without 
interfering with the transmission of speech. The importance of 
this test will be understood when it is remembered that the re- 
sistance of the Atlantic cable is equal to seven thousand ohms 
only.! The experiments at Newport were continued by the addi- 
tion of a total resistance of thirty thousand ohins, but beyond 
twelve thousand ohms, the sound was found to diminish in inten- 
sity. Mr. Bell states that the maximum amount of resistance 
through which the undulating current will pass, and yet retain 
sufficient force to produce an audible sound at the distant end, 


— 


1 It by no means follows, as the writer would lead us to infer, that the telephone 
can be used to transmit articulate speech through extended lengths of cable simply 
because it has served well, under very dissimilar circumstances, to communicate 
through an equivalent resistance of artificial line. The laws regarding the phenom- 
enon of inductive retardation in long ocean cables, like those across the Atlantic, 
hold good for currents produced by the telephone as well as for currents derived 
from any other source whatever. 
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has yet to be determined. In the laboratory he has conversed 
through a resistance of sixty thousand ohms, There is a prac- 
tical difficulty in transmitting telephonic signals through a tele- 
graph wire running parallel to a number of other wires which 
are being used for ordinary telegraphic purposes. Induction 
currents are produced in the telephone wire, which greatly inter- 
fere with the distinctness of the sounds. The difficulty is said 
to be overcome by having an extra return wire, instead of util- 
izing the earth for a part of the circuit, as is ordinarily done. 
The two wires are put side by side in close proximity, and the 
detrimental effect of the inductive currents is thus partially or 
entirely disposed of. The following extract from a letter which 
appeared in the Daily News a few weeks ago shows that induc- 
tive action, when the parallel circuits are not numerous, does not 
seriously interfere with the transmission of speech: 

The experiments with the telephone were made by me upon 
the cable lying between Dover and Calais, which is twenty-one 
and three-quarter miles long. Several gentlemen and ladies 
were present, and conversed in French and English with a second 
party in France for upwards of two hours. There was not the 
slightest failure during the whole time I was only using one 
wire. The other three (it is a four-wire cable) were working di- 
rect with London and Paris, Calais and Lille. I could distinctly 
hear the signals by the three wires on the telephone, and at 
times, when but one of the three wires was working, I could 
decipher the Morse signals, and read a message that was passing 
from Glasgow to Pans. Yet when all the three wires were 
working simultaneously, the telephone sounds were easily and 
clearly distinguishable above the click of the signals. I hap- 
pened to know several of the party in France, and was able to 
recognize their voices. They also recognized mine, and told us 
immediately a lady spoke that it was a female voice. When 
making some trials upon a line three fourths of a mile long, I 
arranged a musical box (the tones of which are very feeble) un- 
der the receiver of an air-pump, the top of the receiver being 
open. Upon this opening I placed the telephone, and every 
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note came out at the second end so clearly as to enable those who 
were present to name the tune that was played. Unfortunately 
we had not the same means in France, but simply held the 
mouth of the telephone close to the box, and some of the notes 
were audible, but not so perfect as on the short line. One young 
lady burst out laughing the moment she placed the instrument 
to her ear, and exclaimed, “Some one is whistling, ‘Tommy, 
make way for your uncle!’” As my correspondent and myself 
had had a little practice, we were, without the slightest difficulty, 
able to talk in our usual manner, without any strain upon the 
voice or any unnatural lengthening of syllables. We were not 
able to hear breathing, in consequence of the continued pecking 
caused by induction from other wires. 

The construction of the telephone (fig. 57) is remarkably simple. 


Fig. 57. 


It consists of a steel cylindrical magnet, about five inches long 
and three eighths of an inch in diameter, encircled at one ex- 
tremity by a short bobbin of wood or ebonite, on which is wound a 
quantity of very fine insulated copper wire. The magnet and 
coil are contained in a wooden cylindrical case. The two ends 
of the coil are soldered to thicker pieces of copper wire, which 
traverse the wooden envelope from one end to the other, and 
terminate in the binding screws at its extremity. Immediately 
in front of the magnet is a thin circular iron plate, which is kept 
in its place by being jammed between the main portion of the 
wooden case, and a wooden cap carrying the mouth or ear 
trumpet. These two parts are screwed together. The latter is 
cut away at the centre, so as to expose a portion of the iron plate, 
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about half an inch in diameter. In the experiments which Mr. 
Bell has carried out in order to determine the influence of the vari- 
ous parts of the telephone on the results produced, and their rela- 
tions to each other when the best effects are obtained, he employed 
iron plates of various areas and thicknesses, from boiler plate 
three-eighths of an inch in thickness to the thinnest plate pro- 
curable. Wonderful to relate, it appears that scarcely any plate 
is too thin or too thick for the purpose, but the best thickness is 
that of the ferrotype plate used by photographers. Thin tin 
plate also answers very well. The iron plate is cut into the form 
of a disk, about two inches in diameter, and is placed as near as 
possible to the extremity of the steel magnet without actually 
touching it: the effect of this position being that, while the in- 
duced magnetism of the plate is considerable, it is susceptible to 
very rapid changes. owing to the freedom with which the plate 
can vibrate. The dimensions of the various parts of the instru- 
ment here given are found to be convenient, but they are by 
no means essential. Good results have been obtained by means 
of a magnet only an inch and a half long, and a working instru- 
ment need not be too large for the waistcoat pocket. There is no 
difference between the transmitting and the receiving telephone; 
each instrument serves both purposes. Nevertheless, in order to 
avoid the inconvenience of shifting the instrument backwards 
and forwards between the ear and the mouth, it is better to have 
two on the circuit at each station. The operator then holds one 
permanently to his ear, while he talks with the other. 

It will not be supposed that the idea of this marvellously 
simple piece ot apparatus was evolved ready formed from the 
inventor's brain: very far otherwise. Itis the final outcome of a 
long series of patient researches carried out by Mr. Bell in the 
most skilful and philosophical manner, in which one modifica- 
tion suggested another, accessory after accessory was discarded, 
and finally the instrument was pruned down to its present form 
and dimensions. Telephones have been long known. <A few 
years ago a simple arrangement whereby articulate sounds could 
be transmitted over a distance of fifty or sixty yards, or even fur- 
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ther, could be bought in the streets for a penny. It consisted of 
a pair of pill boxes, the bottoms of which were connected by a 
piece of string stretched tight, while over the mouth of each was 
pasted tissue paper. On speaking to one of the pill boxes the 
tissue paper and enclosed air were set in vibration. The vibra- 
tions so produced were communicated to the thread and trans- 
mitted to the distant pill box, which was held close to the ear, 
where they affected the air in such a way as to reproduce the 
original sounds. The simple apparatus was more effective than 
would be at first imagined. Electric telephones were devised in 
this country about the same time that the telegraph was intro- 
duced, but the best of them differed widely from the modern in- 
strument. They were capable of conveying to a distance sounds 
of various pitch, so that the succession of notes constituting a 
melody could be reproduced many miles away, but the special 
character of the voice by which the melody was originated was 
entirely lost. Now the great interest which attaches to Mr. 
Bell's telephone, and the intense wonder and curiosity it has 
aroused, are due to its power of conveying absolutely unaltered 
every peculiarity of voice or musical instrument. A violin note 
reappears as a violin note; it cannot be mistaken for anything 
else. And in the case of a human voice, it is not less easy to 
distinguish one speaker from another than it would be if the 
speakers were in the room close by instead of being miles or 
even hundreds of miles away. This is the charm of the new 
telephone; this it is which renders it immeasurably superior to 
anything of the kind which preceded it. 

Mr. Bell's researches in electric telephony began with the arti 
ficial production of musical sounds, suggested by the work in 
which he was then engaged in Boston, viz: teaching the deaf 
and dumb to speak. Deaf mutes are dumb merely because 
they are deaf. There is no local defect to prevent utterance, 
and Mr. Bell has practically demonstrated by two thousand of 


1 Reiss’s telephone was the first invention which could accomplish the result 
here stated, and this was invented in Germany, in 1861, See description of Reiss’s 
telephone, page 9. 
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his own pupils that when the deaf and dumb know how to con- 
trol the action of their vocal organs, they can articulate with 
comparative facility. Striving to perfect his systein of teaching, 
it occurred to Mr. Bell that if, instead of presenting to the eye 
of the deaf mute a system of symbols, he could make visible 
the vibrations of the air, the apparatus might be used as a means 
of teaching articulation. In this part of his investigations Mr. 
Bell derived great assistance from the phonautograph. He suc- 
ceeded in vibrating by the voice a style of wood, about a foot in 
length, attached to the membrane of the phonautograph; and 
with this he obtained enlarged tracings of the vibrations of the 
air, produced by the vowel sounds, upon a plane surface of 
smoked glass. Mr. Bell traced a similarity between the manner 
in which this piece of wood was vibrated by the membrane 
of the phonautograph and the manner in which the ossiculæ 
of the human ear were moved by the tympanic membrane. 
Wishing to construct an apparatus closely resembling the 
human ear, it was suggested to him by Dr. Clarence J. 
Blake, a distinguished aurist of Boston, that the human ear 
itself would be still better, and a specimen was prepared. Our 
readers are aware that the tympanic membrane of the ear is con- 
nected with the internal ear by a series of little bones called res- 
pectively the malleus, the incus and the stapes, from their pecu- 
liar shapes, and that by their means the vibrations of the tympanic 
membrane are communicated to the internal ear and the audi- 
tory nerves. Mr. Bell removed the stapes and attached to the 
end of the incus a style of hay about an inch in length. Upon 
singing into the external artificial ear, the style of hay was thrown 
into vibration, and tracings were obtained upon a plane surface 
of smoked glass passea rapidly underneath. The curves so ob- 
tained are of great interest, each showing peculiarities of its own 
dependent upon the vowel sound thatis sung. Whilst engaged 
in these experiments Mr. Bell's attention was arrested by observ- 
ing the wonderful disproportion which exists between the size 
and weight of the membrane—no thicker than tissue paper— 
and the weight of the bones vibrated by it, and he was led to 
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inquire whether a thicker membrane might not be able to vibrate 
a piece of iron in front of an electro-magnet. The experiment 
was at once tried A piece of steel spring was attached to a 
stretched membrane of gold beater’s skin and placed in front of 
the pole of the magnet. This answered very well, but it was 
found that the action of the instrument was improved by in- 
creasing the area of metal, and thus the membrane was done 
away with and an iron plate substituted for it. It was important 
at the same time to determine the effect produced by altering the 
strength of the magnet: that is, of the current which passed 
round the coils. The battery was gradually reduced from fifty 
cells to none at all, and still the effects were observed, but ina 
less marked degree. The action was in this latter case doubtless 
due to residual magnetism: hence, in the present form of appar- 
atus a permanent magnet is employed. Lastly, the effect of 
varying the dimensions of the coil was studied, when it was 
found that the sounds became louder as its length was dimin- 
ished; a certain length was, however, ultimately reached, beyond 
which no improvement was effected, and it was found to be only 
necessary to enclose one end of the magnet in the coil of wire. 

Such was the instrument that Mr. Bell sent to the Centennial 
Exhibition at Philadelphia, The following is the official report 
of it, signed by Sir William Thomson and others: 

Mr. Alexander Graham Bell exhibits an apparatus by which 
he has achieved a result of transcendent scientific interest—a trans- 
mission of spoken words by electric currents through a telegraph 
wire. To obtain this result Mr. Bell perceived that he must pro- 
duce a variation of strength of current as nearly as may be in 
exact proportion to the velocity of a particle of air moved by the 
sound, and he invented a method of doing so—a picce of iron 
attached to a membrane (fig. 58), and thus moved to and fro in 
the neighborhood of an electro-magnet, which has proved per- 
fectly successful. The battery and wire of this electro-magnet are 
in circuit with the telegraph wire and the wire of another electro- 
magnet at the receiving station, This second electro-magnet has 
a solid bar of iron for core which is connected at one end by a 
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thick disk of iron to an iron tube surrounding the coil and bar. 
The free circular end of the tube constitutes one pole of the 
electro-magnet, and the adjacent free end of the bar core the 
other. A thin circular iron disk, held pressed against the end of 
the tube by the electro-magnetic attraction and free to vibrate 
through a very small space without touching the central pole, 
constitutes the sounder by which the electric effect is reconverted 
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into sound (fig. 59). With my ear pressed against this disk, I 
heard it speak distinctly several sentences. I need scarcely say 
l was astonished and delighted. So were others, including some 
judges of our group, who witnessed the experiments and verified 
with their own ears the electric transmission of speech. This, 
perhaps, the greatest marvel hitherto achieved by the electric 


Fig. 59. 


telegraph, has been obtained by appliances of quite a homespun 
and rudimentary character. With somewhat more advanced 
plans and more powerful apparatus, we may confidently ex- 
pect that Mr. Bell will give us the means of making the voice 
and spoken words audible through the electric wire to an ear 
hundreds of miles distant. 

The present form of instrument, which is now being manu- 
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factured in large numbers by the Silvertown Company, does not 
essentially differ from that reported on so enthusiastically by 
Sir William Thomson. Only it is more simple in construction 
and more handy. 

Before attempting any explanation of the action of the tele- 
phone, it may be well to draw the attention of our readers to the 
special characteristics of the human voice, and to those peculiari- 
ties which distinguish one musical note from another. W hat- 
ever the differences in question may depend upon, it is certain 
that they are transmitted and reproduced in the telephone with 
unerring fidelity, and it is, therefore, important that we should 
understand their nature and origin. Take a tuning fork and set 
it in vibration by striking or drawing a violoncello bow across 
its prongs. The fork yields its own proper note, which will be 
loud or the reverse, according as the fork has been struck ener- 
getically or lightly. So long as we use one fork only it is obvious 
that the only variation which can be produced in the sound isa 
variation of intensity. If the extent of vibration be small, the 
resulting sound is feeble; its loudness increases with the excur. 
sion of the prongs. What is true of the tuning fork is true of 
any other musical instrument, and hence, generally, the loudness 
of a musical sound depends upon the amplitude of vibration of 
that which produced it. Now, take two similar tuning forks of 
different pitch, and suppose that one is exactly an octave above 
the other. ‘They may be excited in such a way that the notes 
emitted are of equal loudness, and then the only respect in which 
they differ from each other is in pitch. The pitch of a fork de- 
pends upon its rate of vibration. It is comparatively easy with 
suitable apparatus to measure the rate of vibration of a tuning 
fork, and were we to test the two forks in question, it would be 
found that that giving the higher note vibrates exactly twice as 
fast as the other. If the one performs a hundred oscillations in 
a second, the other which is an octave above, completes two 
hundred in the same interval of tune. Thus, the pitch of a note 
yielded by a tuning fork depends upon its rate of vibration, and 
on nothing else, and the same is true of a piano-forte wire, the 
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air in an organ pipe, a harmonium reed, etc. We have now ac. 
counted for two of the characteristics of a musical note, its loud- 
ness and its pitch; but there isa third, equally, if not more im- 
portant, and by no means so simple of explanation. We refer 
to what is usually spoken of in English books on acoustics as 
the quality of the note; the French call it timbre and the Ger- 
mans klangfarbe. It is that which constitutes the difference be- 
tween a violin and an organ, or between an organ and a piano- 
forte, or between two human voices; indeed between any two 
musical sounds which are of the same pitch and loudness, but 
are still distinguishable from each other. In order to explain the 
physical cause of quality, we will suppose we have a thin metallic 
wire about a yard long stretched between two points over a 
sounding board. When plucked at its centre the wire vibrates 
as a whole, the two ends are points of rest, and a loop is formed 
between them. The note emitted by the wire when vibrating 
in this manner is called its fundamental note. If the wire be 
damped at its centre, by laying on it with slight pressure the 
feather of a quill pen, and plucked at a point half way between 
the centre and one end, both halves will vibrate in the same 
manner, and independently of each other, That is to say, there 
will be two equal vibrating segments and a point of rest or node 
at the centre. But the rapidity of vibration of each segment will 
be twice as great as that of the wire when vibrating as a whole, 
and consequently the note emitted will be the octave of the fun- 
damental. When damped at a point one third of the length from 
either extremity, and plucked half way between that point and 
the nearer extremity. the wire will vibrate in three equal divi- 
sions, Just as it vibrates in two divisions in the previous case. 
The rate of vibration will be now three times as great as at 
first, and the note produced will be a twelfth above the funda 
mental. Similarly, by damping and plucking at suitable points 
the wire may be made to vibrate in four parts, five parts, six 
parts, etc., the rate of vibration increasing to four, five, six, 
etc., times what it was at first. Let us suppose that when 
the wire was swinging as a whole, and sounding its fundamental 
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note, the number of oscillations performed in a second was one 
hundred. Then we see that by taking suitable precautions the 
wire can be made to break up into two, three, four, five, six, etc, 
vibrating segments, the ratesof vibration being respectively two 
hundred, three hundred, four hundred, five hundred, six hundred, 
etc., and the series of notes emitted being the octave above the 
fundamental, the fifth above the octave, the double octave, the 
third and fifth above the double octave, and so on. We now 
come to an important point, which is this—that, the wire being 
free, it is practically impossible to strike or pluck it in such a way 
as to make it vibrate according to one of the above systems only. 
It will vibrate as a whole wherever and however it be struck, but 
this mode has always associated with it or superposed upon it 
some of the other modes of vibration to which we have just re- 
ferred. In other words, the fundamental note is never heard 
alone, but always in combination with a certain number of its 
overtones, as they are called. Each form of vibration called into 
existence sings, as it were, its own song, without heeding what is 
being done by its fellows, and the consequence is that the sound 
which reaches the ears is not simple but highly composite in its 
character. The word clang hus been suggested to denote sucha 
composite sound, the constituent simple sounds, of which it is the 
aggregate, being called its first, second, third, etc., partial tones. 
All the possible partial tones are not necessarily present in a 
clang, nor of those which are present are the intensities all the 
same. For instance, if the wire be struck at the centre, that point 
cannot be a node, but must be a point of maximum disturbance : 
hence all the even partial tones are excluded and only the odd 
ones, the first, third, fifth, and so on, are heard. 

That characteristic of a musical note or clang, which is called 
its quality, depends upon the number and relative intensities of 
the partial tones which go to form it. The tone of a tuning fork 
is approximately simple; so is that of a stopped wooden organ 
pipe of large aperture blown by only a slight pressure of wind. 
Such tones sound sweet and mild, but also tame and spiritless. 
In the clang of the violin, on the other hand, a large number of 
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partial tones are represented; hence the vivacious and brillant 
character of this instrument. The sounds of the human voice 
are produced by the vibrations of the vocal chords, aided by the 
resonance of the mouth. The size and shape of the cavity of 
the mouth may be altered by opening and closing the jaws, and 
by tightening or loosening the lips. We should expect that 
these movements would not be without effect on the resonance 
of the contained air, and such proves on experiment to be the 
fact. Hence, when the vocal chords have originated a clang 
containing numerous well developed partial tones, the mouth 
cavity, by successively throwing itself into different postures, 
can favor by its resonance first one overtone and then another; 
at one moment this group of partial tones, at another that. In 
this manner endless varieties of quality are rendered possible. 
Any one may prove to himself, by making the experiment, that 
when singing on a given note he can only change from one 
vowel sound to another by altering the shape and size of his 
mouth cavity. 

Having thus briefly indicated the physical causes of the vari- 
ous differences in-musical notes, and the production of sounds 
by the organ of voice, we will devote a few moments to consider 
how these sounds are propagated through the air and reach the 
plate of the telephone. When a disturbance is produced at any 
point in an aéria) medium. the particles of which are initially at 
rest, sonorous undulations spread out from that point in all di- 
rections These undulations are the effect of the rapid vibratory 
motions of the air particles. The analogy of water waves will 
help us to understand what is taking place under these circum. 
stances, If a stone be dropped into the still water of a pond, a 
series of concentric circular waves is produced, each wave con- 
sisting of a crest and a hollow. The waves travel onwards and 
outwards from the centre of disturbance along the surface of the 
water, while the drops of water which constitute them have an 
oscillatory motion in a vertical direction. That is to say, fol 
lowing any radial line, the water particles vibrate in a direction 
at right angles to that in which the wave is propagated. The 
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distance between two successive crests or two successive hollows 
is called the length of the wave; the amplitude of vibration is 
the vertical distance through which an individual drop moves 
In a similar manner sonorous undulations are propagated through 
air by the oscillatory motion of the air particles. But there is 
this important difference between the two cases, that, in the lat- 
ter, the vibrating particles move in the same direction in which 
the sound is being propagated. Consequently such waves are 
not distinguished by alternate crests and hollows, but by alter- 
nate condensations and rarefactions of the air, the transmission 
of which constitutes the transmission of sound. The wave 
length is the distance between two consecutive condensations or 
rarefactions. It depends upon the pitch of the transmitted sound, 
being shorter as the sound is more acute, while the extent of 
vibration of the air particles increases with the loudness. Such 
are the peculiarities of the vibratory motion in air corresponding 
to the pitch and loudness of the transmitted sound. But what 
is there in the character of the motion to account for difference 
in quality? A little consideration will show that there is only 
one thing left to account for these, and that is the form of the 
vibration. Let us mentally isolate a particle of air, and follow 
its movements as the sound passes. If the disturbance is a 
simple one, produced, say, by the vibration of a tuning fork, the 
motion of the air particle will be simple also, that is, it will 
vibrate to and fro like the bob of a pendulum, coming to rest at 
each end of its excursion, and from these points increasing in 
velocity until it passes its néutral point Such, however, is 
clearly not the only mode of vibration possible. If the disturb- 
ance be produced by a clang comprising a number of partial 
tones of various intensities, all excited simultaneously, it is ob- 
vious that the air particle must vibrate in obedience to every one 
of these. Its motion will be the resultant of all the motions due 
to the separate partial tones. We may imagine it, starting from 
its position of rest, to move forward, then stop short, and turn 
back for an instant, then on again until it reaches the end of its 
excursion. In returning it may perform the same series of to- 
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and-fro motions in the opposite direction, or it may move in a 
totally different way. Nevertheless, however complex its mo- 
tion may be—and, as a rule, it will be exceedingly complex—its 
periodic character will be maintained. All the tremors and per- 
turbations in one wave length will recur in all.the others. 

When sonorous undulations impinge upon the iron plate of 
the telephone, the latter is set in vibration. Its particles move 
to and fro in some way or other. The complexity of their mo- 
tion will depend upon that of the air from which it was derived. 
But for the sake of simplicity we will assume that the plate has 
a simple pendulous motion. It will be remembered that the iron 
plate is placed quite close to, but not quite in contact with, the 
extremity of the steel magnet. It becomes, therefore, itself a 
magnet by induction; and, as it vibrates, its magnetic power is 
constantly changing, being strengthened when it approaches the 
magnetic core, enfeebled as it recedes. Again, when a magnet 
moves in the neighborhood of a coil of wire, the ends of which 
are connected together, an electrical current is developed in the 
coil, whose strength depends upon the rapidity with which, and 
the distance through which, the magnet moves. In the telephone 
then, as the plate moves towards the coil, a current is induced in 
the latter which traverses the whole length of wire connecting it 
with the distant instrument; the plate returning, another current 
with reversed sign follows the first. The intensity of these cur- 
rents depends, as we have said, on the rapidity with which these 
movements are effected, but is largely influenced also by the 
fact that the plate does not retain a constant magnetic strength 
throughout its excursions. Under the assumption we have made 
with respect to the simplicity of the plate’s motion, it follows 
that the induced currents, alternately positive and negative, fol- 
low each other in a uniform manner, and with a rapidity corre- 
sponding to the pitch of the exciting note. These currents pass 
along the circuit, and circulate round the coil of the distant tele- 
phone. There they modify the magnetic relations between the 
steel magnetic core and the iron plate in such a way that one 
current—say the positive—attracts the plate, while the other 
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—the negative—repels it. And since the arriving currents fol- 
low each other, first positive and then negative, with perfect 
regularity, the plate will also vibrate in a uniform manner, and 
will perform the same number of vibrations per second as did 
the plate of the sending instrument. Hence the sound heard 
will be an exact copy, except as to loudness, of that produced at 
the sending station. Having thus followed the sequence of 
phenomena in this simple case, we are enabled to extend our 
explanation to the case in which composite sounds of more or 
less coinplexity—vowel sounds and speech—are transmitted. 
We are compelled to admit that every detail in the motion of an 
air particle, every turn and twist, must be passed on unaltered to 
the iron membrane, and that every modification of the motion of 
the membrane must have its counterpart in a modification of the 
induced currents, These, in their turn, affecting the iron plate 
of the receiving telephone, it follows that the plates of the two 
telephones must be vibrating in an absolutely identical manner. 

We can thus follow in a general manner the course of the 
phenomena, and explain how air vibrations are connected with 
the vibrations of a magnetic plate—how these latter give rise to 
electrical currents, which, passing over a circuit of hundreds of 
miles, cause another magnetic plate to vibrate, every tremor in 
the first being reproduced in fac-simile in the second, and thus 
excite sonorous undulations which pass on to the ear. We can 
understand all this in a general way, but we are not the less lost 
in wonder that the sequence of events should be what it is. 
That a succession of currents could be transmitted along a tele- 
graph wire without the aid of a battery, that, by simply talking 
to a magnetic membrane in front of a coil of wire, the relations 
of the magnetic ficld between the two could be so far modified 
as to produce in the coil a succession of electrical currents of 
sufficient power to traverse a long circuit, and to reproduce a 
series of phenomena identical with those by which the currents 
were brought into existence, would have been a few years ago 
pronounced an impossibility. A man would have been derided 
who proposed an instrument constructed on such principles. 
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Nevertheless, here it is realized in our hands, We can no longer 
doubt, we can only wonder, and admire the sagacity and pa- 
tience with which Mr. Bell has worked out his problem to a suc- 
cessful issue. 


CHAPTER IV. 
IMPROVEMENTS OF CHANNING, BLAKE AND OTHERS. 


In the winter and spring of 1877 a notable series of experiments 
were made by a few scientific gentlemen in Providence, R. L, which 
resulted in making the telephone portable, and in giving to it 
distinct articulation. Every step leading to these important 
results was communicated to Prof. Bell, and the principal im- 
provements thus originating, especially the handle instrument 
and the mouth-piece, were at once adopted by him, and form 
part of what is now commonly known as the handle telephone. 

In March, 1877, the speaking telephone, in its most practical 
form, consisted of a box resembling a photographer's camera, with 
a two inch tube for mouth-piece, opening into a cavernous air 
chamber in front of a plate of sheet iron about 44 inches in 
diameter. Behind this plate was a large U magnet, with a soft 
iron core clamped to each pole, surrounded with a spool of fine 
insulated wire. These instruments were unwieldy, and their 
articulation defective, for three reasons: First, the mouth-piece 
did not converge the air on the centre of the plate, and the 
cavernous air chamber produced reverberation; second, the 
magnet did not react symmetrically with the centre of the 
plate, but the two poles or cores of the U magnet reacted with 
the parts of the plate which were opposite to them on each side 
of the centre; third, the plate was too large and heavy to 
respond perfectly and promptly to the average voice. 

Experiments, commencing in the physical laboratory of Brown 
University, and continued several months by Prof. Eli W. Blake, 
Prof. John Peirce, and others, culminated, in April, in the con- 
struction, by Dr. William F. Channing, of the first portable 
telephone. This consisted of two small blocks of wood fastened 
to each other at right angles—one perforated for the mouth-piece 
and holding a ferrotype plate, 24 inches in diameter; the other 
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supporting a compound U magnet (made of two three inch toy 
magnets) with a single soft iron core, carrying a spool of fine insu- 
lated wire, clamped to one of its poles and opposed to the centre 
of the ferrotype plate. The other pole of the compound magnet 
was either broughé in contact with the outer edge of the plate or 
left free. 

This little instrument, weighing about twelve ounces and 
easily held in the hand, especially when mounted on a handle, 
talked more distinctly than the large instruments, even over 
long circuits, though not quite so loud. It was followed later 
in April by a telephone made by Prof. Peirce, in which a small 
compound U magnet was enclosed in a cubical block of wood, 
on the top of which he placed for the first time his converging 
mouth-piece—an acoustic apparatus which deserves special de- 
scription. 


Fig. 60. 


This is shown in section in fig. 60. The sound waves con- 
verge upon the centre of the plate through the aperture a, usually 
about +’, inch diameter. 

The sound waves also spread symmetrically from the centre, 
and act upon the plate through the very flat air chamber b b. 
To prevent resonance and ensure the prompt response of the 
plate, this air chamber is usually made only from yy to ~y inch 
in depth, and about 1# inches in diameter when a ferrotype 
plate (c c) is used. This mouth-piece made distinct and natural 
the previously obscure articulation of the telephone. 

At the time Prof. Peirce’s mouth-piece was made, Prof. Bell 
had arrived at the discovery that the instruments talked better 
if the air chamber, usually made deeper than that shown in fig. 
53, was stuffed with paper. The reason will be sufficiently 
obvious from the above. 
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Prof. Peirce’s upright block was followed naturally by the 
“handle telephone,” now in general use, which was made by Dr. 
Channing early in May, 1877. Figs. 61 and 62 show both a sec- 
tional and perspective view of the instrument, In this a small 
straight magnet, simple or compound, carrying,a single soft iron 
core and spool, is enclosed in a light and elegant handle, and the 


Fig. 61. 


ferrotype plate is mounted in the circular head, of which the 
mouth-piece forms part. The design and style of the instrument 
is due to Mr. Edson S. Jones, another of the Providence expen- 
menters, 

After a competitive test with the box telephones, as at that 
time made, the handle telephone was adopted and sent out early 


Fig. 62. 


in June by the Telephone Company; and its portability, ele- 
gance and superior articulation contributed largely to the rapid 
diffusion of the telephone in this country and in Europe which 
immediately followed. 

Prof. Bell was familiar with the preceding Providence experi- 
ments which had already made the telephone portable, and 
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which suggested the handle form. In May, shortly after the 
construction of the handle instrument in Providence, and before 
it reached Boston, Prof. Bell, working in the same direction, 
had put a U magnet, each pole armed with a core and a spool, 
inside of a handle. The instrument was too cumbrous and 
inelegant for adoption, as well as defective in construction. 
Prof. Bell's desire to put both poles of the magnet to visible 
use was especially unfortunate in this case, as the smallness of 
the plates in the portable telephones makes it impossible that 
the two poles of the U magnet should act anywhere near the 
centre of the plate. The instrument was not adopted, and it 
could not have accomplished for the diffusion and commercial 
success of the telephone what was done by the original handle 
Instrument. 

Yet, with no other basis than this experiment, Prof. Bell, 
in his lecture in London, before the Society of Telegraph En- 
gineers (sce page 76), says: “ Two or three days after I had con- 
structed a telephone of the portable form, containing the magnet 
inside the handle, Dr. Channing was kind enough to send me a 
pair of telephones of a similar pattern, which had been invented 
by the Providence experimenters.” As already stated, the in- 
strument thus referred to is an accurate representation of the 
handle telephone of Dr. Channing and Mr. Jones, which has had 
so wide a career, and differs broadly in type from the expen- 
mental instrument of Prof. Bell, which never passed into use. 
Prof. Bell, in the above extract, not only claims the origination 
of the handle telephone, which has gone round the world and 
has a recognized place in the history of speaking telephony, but 
he also implies that he gave to the telephone portable form, 
thus ignoring one of the principal contributions of the Provi- 
dence experimenters. 

It happened with the telephone as with the Morse telegraph. 
In the beginning it was supposed that the power of the instru- 
ments was proportioned to their size. Later experiments have 
shown in both that more delicate instruments are the most 
effective. 
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It will be observed that Professor Bell is criticised here, not 
for claiming that he had made a straight magnet telephone, but 
for claiming this in combination with the handle, and figuring 
this combination, which constitutes the well known handle in- 
strument, as his own. His real claim is to the independent 
experiment of putting a U magnet in a handle, subsequent to 
the construction of the genuine handle instrument in Providence. 

Another practical result obtained in Providence as early as 
June, was the glass plate telephone of Henry W. Vaughan, State 
assayer. <A disk of soft iron, about the size and shape of a 
nickel cent, was cemented with shellac to the centre of a very 
thin glass plate, 24 inches in diameter. This, with Peirce’s 
mouth- piece and the usual magnets, gave the loudest and clear- 
est articulation attained at that or at a later time, and may be 
the germ of important improvements. Mr. Vaughan also made, 
before the telephone had been seen in France, what has since 
been described as the multiple telephone of M. Trouvé. In this 
telephone, plates form the sides and ends of a cubical or poly- 
hedral chamber, a magnet and coil being behind each plate. 

Among other scientific observations with the telephone, Prof. 
Peirce heard the auroral sounds early in the summer of 1877, 
and Dr. Channing noticed the characteristic telephonic sound of 
lightning, even when distant, preceding the visible flash. Prof. E. 
W. Blake made the capital experiment, imperfectly reported in 
Prof. Bell's lecture, of substituting a soft iron bar for the magnet 
of the telephone. Whenever this bar was turned in the direction 
of the dipping needle, the telephone would talk by the earth's 
magnetism; but when swung up into a position at right angles 
with the dipping needle, the telephone became perfectly silent. 
Prof. Blake also talked with a friend by telephone for a short 
distance, using the parallel rails of the same railroad track as 
conductors, and hearing at the same time, by induction, the 
Morse operating from the telegraph wires overhead. This illus- 
trates the apparent indifference of the telephone, at times, to 
insulation. Prof. Blake also originated the responsive tuning 
forks, in which two forks of the same musical pitch are magnet- 
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ized; a short iron core, surrounded with a spool of wire, is sup- 
ported between the poles or prongs of each. The wires being 
connected, if one tuning fork is struck the other responds at a 
distance, 

The names of Messrs. Louis W. Clarke and Charles E. Austin 
should be mentioned among the corps of Providence experi- 
menters as contributors to this chapter of telephonic progress, 

1 With the object of stimulating inquiry into the means of 
improving the telephone, which is the most beautiful adaptation 


Fig. 63. 


of telegraphy ever made, I desire to draw attention to a few 
simple methods by which any one may satisfy himself of its 
practicability ; for no one having witnessed its performance can 
fail to see a great future before it. 

The recorder of Sir W. Thomson, shown in fig. 182, affords a 
ready means of speaking, and gives out such clear tones as to 
make the listener at first involuntarily look behind the instru- 
ment for the speaker (who may be miles away). It suffices to 


1 John Gott. Journal Society Telegraph Engineers. Nos. XV. and XVI. 1877. 
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take a tube two inches in diameter, and stretch over one end a 
membrane of parchment or thin gutta percha (the latter is less 
affected by the breath, the former becoming somewhat flaccid 
after a time). To the centre of the membrane cement a straw, 
and fix the tube in front of the instrument, about six inches 
from the movable coil b; cement the other end of the straw to 
the coil at the point where the silk fibre & is usually fixed. This 
is all that is necessary for both speaking and receiving. Six or 
eight cells of battery connected in circuit with the electro-mag- 
nets suffice. A pair of these tubes may also be connected in a 
similar manner with the tongues of two polarized relays. The 
tube is to be fixed in a convenient position, at right angles to the 
tongue, and the free end of the straw cemented to the tongue, 
taking care that the latter is free from its ordinary contact 
points. No battery is required for speaking with this arrange- 
ment. 

Or a pair of these speaking tubes may be connected with the 
ordinary armatures of any instrument or relay, and a current 
kept on the line. The armature should, however, not be too 
heavy, and should be carefully adjusted. The best adjustment 
gives the loudest sound. In sending, be careful that the arma- 
ture in vibrating does not touch the cores of the electro-magnet. 

A plate of thin iron, such as is used for stove pipes, fixed to 
an upright board, the latter hollowed out on the side on which 
the plate is fastened, and a hole made in the board in front for 
inserting a convenient tube for speaking, may be used as an 
armature, and a pair of coils placed in front of the iron plate 
through which a current from a battery is flowing, the cores to 
be adjusted as close as possible to the plate; this answers for 
sending and receiving. The battery need not be strong; if it 
be so, the armatures have to be removed further away from the 
coils. Ona short line the resistance of the coils, with a suitable 
battery, is of little importance. I have spoken as well with small 
coils of three olims as with 400 ohms. 

If a pair of coils at the receiving end be placed on a violin, 
and connected to the line on which there is a permanent current 
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and a sending instrument as described, singing and speaking into 
the tube at the distant end can be heard by placing the ear to 
the violin. The effect is exalted by laying a plate of iron on 
the poles of the electro-magnet. 

By these simple means—and they are selected as being within 
the reach of many—may be demonstrated the possibility of 
speaking over miles of telegraph line. The sound of the voice in 
the tube is not that of a whisper, but of a voice at a distance ; 
and the nearer you seem to bring the sound the better your 
adjustment, and vice versa. 

I have spoken through four knots of buried cable without 
sensible diminution of effect. 

When the instruments are not well adjusted, some words will 
come clear when others do not; and I have found the sentence, 
Are you ready? pronounced deliberately, intelligible when 
others were not. 

The object to be sought for is to augment the strength of the 
variations of current. At present it is limited by the power of 
the voice to move an armature or coil; and unless it can be 
magnified by putting in play a reserve of force, as compressed 
air, etc., improvement cannot go far. 

The most hopeful field seems to be the effecting a variation, 
through a sensible range of resistance at the sending end, to vary 
the strength of current in a primary coil by shunting or varying 
the resistance of a battery circuit; as, for example, a fine wire 
inserted more or less in mercury. 


CHAPTER V. 
EDISON’S TELEPHONIC RESEARCHES. 


THE following communication from Mr. Thomas A. Edison 
gives a detailed account of his researches in telephony, and is a 
valuable contribution to the history of the development of the 
speaking telephone. 

Some time in or about the month of July, 1875, I began 
experimenting with a system of multiple telegraphy, which had 
for its basis the transmission of acoustic vibrations. Being fur- 
nished, at the same time, by Hon. William Orton, President of 
the Western Union Telegraph Company, with a translated 
description from a foreign scientific journal of Reiss’s! telephone, 
I also began a series of experiments, with the view of producing 
an articulating telephone, carrying on both series simultancously, 
by the aid of my two assistants, Messrs. Batchelor and Adams, 

With regard to the multiple telegraph I will say that many 
methods were devised, among which may be mentioned the 
transfer system. This consisted in combining a large tuning 
fork with multiple forks, so arranged at two terminal stations, 
with contact springs leading to different Morse instruments, that 
the synchronous vibrations of the forks would change the main 
line wires from one set of instruments to other sets at both sta- 
tions, at a rate of 120 times per second. With this rate of vibra- 
tion the wire would be simultaneously disconnected at both ter- 
minal stations from one set of Morse signalling apparatus, and 
momentarily placed in alternate connection with three other 
similar sets of apparatus, and then again returned to the first set, 
without causing the apparatus to mark the absence of the current 
otherwise than by a perceptible weakening of the same. 


1 Zeitschrift des Deutsch-Oesterreichischen Telegraphen-Vercins, herausgegeben 
in dessen Auftrage von der Königlich Preussischen Telegraphen-Direction. Redi- 
girt von Dr. P. Wilhelm Brix. Vol. ix., 1862, page 125. (For a description of Reiss’s 
apparatus see pages 9 to 13, inclusive.) 
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By this means, therefore, four perfectly independent wires 
were practically created, upon which signalling could be carried 
on with any system which was worked no faster than the ordi- 
nary Morse system. Each of these wires was also duplexed and 
found to work perfectly upon a line of artificial resistance, thus 
allowing, with the ordinary apparatus, of the simultaneous trans- 
mission of eight different messages. 

Notwithstanding the perfect success of the system upon an 
artificial line, however, which possessed little or no electrostatic 
capacity, I have never, in practice, been able to produce a suffi- 
ciently perfect compensation for the effects of the static charge 


Fig. 64. 


to allow of the successful use of the system on a line of over 
forty miles in length, although I have put the line to earth at 
both stations after it leaves one set of instruments and before it 
is placed in contact with another set; have sent reversed currents 
into it, and have also used magnetic and condenser compensation 
in various ways, known to experts in static compensation, but 
all without avail. By vibrating the line wire between two sets 
of apparatus, however, good satisfaction has been obtained on 
lines of about 200 miles in length. 

In my system of acoustic transmission, which was devised in 
September, 1875, and is shown in fig. 64, two tuning forks, A 
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and B, vibrating from 100 to 500 times per second, were kept in 
continuous motion by a local magnet and battery, and the short 
circuiting was controlled by the signalling keys K, and Kg. 

As will be seen on reference to the figure, this system, like 
that shown in my patent of 1878, is dependent upon the vary- 
ing resistance occasioned by employing a movable electrode in 
water, and which thus produces corresponding variations of the 
battery current in the line. 

The receivers R, and Rg, fig. 66, were formed of telescopic 
tubes of metal, by lengthening or shortening of which the column 
of air in either could be adjusted to vibrate in unison with the 
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proper tone of the fork, whose signals were to be received by 
each particular instrument. An iron diaphragm was soldered 
to one end of these tubes, and the latter placed in such a manner 
as to bring the diaphragm of each respectively just in front of an 
electro-magnet, which, in action, would cause them to vibrate. 
When the column of air in either receiver was properly adjusted 
to a given tone, the signals due to stopping and starting the 
vibrations by the distant key were very loud, as compared to 
other tones not in harmony with the column of air. Flexible 
rubber tubes, with ear pieces, were connected to the receivers, so 
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that, in using the instruments, the head of the operator was not 
required to be held in an unnatural or strained position. 

This system worked very well; but one defect in it was 
apparent from the first, and that was its continual tendency to 
give the operator what is termed the back-stroke, even from the 
slightest cause, such as the opening of a door or the moving of 
the head, and also occurred on the slightest inattention whatever. 

With a Morse sounder, as is well known, every dot is made 
apparent to the ear by two sounds, the first being produced when 
the lever strikes the anvil, and the other when it strikes the 
upper or back contact. A dash, like the dot, is also composed 
of two sounds, but the interval of time between the production 
of the first, the downward stroke or sound and the upward stroke, 
is what determines its character. It frequently happens, how- 
ever, when a sounder is so adjusted that the sound produced by 
the down stroke is of the same volume or loudness as the one 
given by the up stroke, that the order of reading becomes re- 
versed on tke slightest disturbance or inattention and the ear 
mistakes the up sound for the down sound, and vice versa. The 
signals consequently become unintelligible, and the operator can 
only restore the proper order by closing both ears and watching 
the motion of the sounder lever, or by deadening the back sound 
by placing the finger on the lever until the ear again catches a 
word or two. 

Similarly with the musical signals, the dots and dashes are 
formed by the relative short or long duration of a continuous 
tone, but in this case the pitch is always the same, and this con- 
stitutes an element of confusion that is quite as bad as the back 
stroke of the sounder above referred to. I therefore arranged 
my keys so as to transmit two short tones close together to forin 
a dot, and two tones separated by an interval to form a dash; but 
there was still so little distinctive difference between one and the 
other that I was led to defer further experiment with the appa- 
ratus fora time. It is probable that some means will be found 
for producing a greater degree of difference between the two ele- 
ments of the signals, such, for instance, as the employment of two 
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forks of slightly different pitch, which, at least, promises well 
When this is done the system will be of some value. 

It will be noticed that the receiving instrument shown in fig. 
104 contains the diaphragm magnet and chamber of the magneto- 
speaking telephone; and I may say here that I believe I was the 
first to devise apparatus of this kind, which I intended for use in 
connection with acoustic telegraphs. I can, however, lay no claim 
to having discovered that conversation could be carried on be- 
tween one receiver and the other upon the magneto principle by 
causing the voice to vibrate the diaphragm. 

Another system of multiple transmission consisted, partly, in 
the use of reeds for receivers, and has been exceedingly well de- 
veloped in the hands of Mr. Elisha Gray, but I forbear explain- 
ing it here, owing to its complexity and lack of practical merit. 

My first attempt at constructing an articulating telephone was 
made with the Reiss transmitter and one of my resonant receivers 
described above, and my experiments in this direction, which 
continued until the production of my present carb®n telephone, 
cover many thousand pages of manuscript. I shall, however, 
describe here only a few of the more important ones. 

In one of the first experiments I included a simplified Reiss 
transmitter, having a platinum screw facing the diaphragm, in a 
circuit containing twenty cells of battery and the resonant re- 
ceiver, and then placed a drop of water between the points; the 
results, however, when the apparatus was in action, were unsatis- 
factory—rapid decomposition of the water took place and a de- 
posit of sediment was left on the platinum. I afterwards used 
disks attached both to the diaphragm and to the screw, with sev- 
eral drops of water placed between and held there by capillary 
attraction, but rapid decomposition of the water, which was im- 
pure, continued, and the words came out at the receiver very 
much confused. Various acidulated solutions were then tried, 
but the confused sounds and decompositions were the only 
results obtained. 

With distilled water I could get nothing, probably because, at 
that time, I used very thick iron diaphragms, as I have since 
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frequently obtained good results; or, possibly, it was because the 
ear was not yet educated for this duty, and therefore I did not 
know what to look for. If this was the case, it furnishes a good 
illustration of the fact observed by Professor Mayer, that we 
often fail to distinguish weak sounds in certain cases when we 
do not know what to expect. 

Sponge, paper and felting, saturated with various solutions, 
were also used between the disks, and knife edges were substi- 
tuted for the latter with no better results. Points immersed in 
electrolytic cells were also tried, and the experiments with vari- 
ous solutions, devices, etc., continued until February, 1876, when 
I abandoned the decomposable fluids and endeavored to vary the 
resistance of the circuit proportionately with the amplitude of 
vibration of the diaphragm by the use of a multiplicity of plat- 
inum points, springs and resistance coils—all of which were de- 
signed to be controlled by the movements of the diaphragm, but 
none of the devices were successful. 

In the spring of 1876, and during the ensuing summer, I en- 
deavored to utilize the great resistance of thin films of plumbago 
and white Arkansas oil stone, on ground glass, and it was here 
that I first succeeded in conveying over wires many articulated 
sentences. Springs attached to the diaphragm and numerous 
other devices were made tocut in and out of circuit more or less 
of the plumbago film, but the disturbances which the devices 
themselves caused in the true vibrations of the diaphragm pre- 
vented the realization of any practical results. One of my as- 
sistants, however, continued the experiments without interrup- 
tion until January, 1877, when I applied the peculiar property 
which semi-conductors have of varying their resistance with 
pressure, a fact discovered by myself in 1878, while constructing 
some rheostats for artificial cables, in which were employed 
powdered carbon, plumbago and other materials, in glass tubes. 

For the purpose of making this application, I constructed an 
apparatus provided with a diaphragm carrying at its centre a 
yielding spring, which was faced with platinum, and in front of 
this I placed, in a cup secured to an adjusting screw, sticks of 
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crude plumbago, combined in various proportions with dry pow- 
ders, resins, etc. By this means I succeeded in producing a 
telephone which gave great volume of sound, but its articulation 
was rather poor; when once familiar with its peculiar sound, 
however, one experienced but little difficulty in understanding 
ordinary conversation. 

After conducting a long series of experiments with solid ma- 
terials, I finally abandoned them all and substituted therefor 
tufts of conducting fibre, consisting of floss silk coated with 
plumbago and other semi-conductors. The results were then 
very much better, but while the volume of sound was still great, 
the articulation was not so clear as that of the magneto tele- 
phone of Prof. Bell. The instrument, besides, required very 
frequent adjustment, which constituted an objectionable feature. 

Upon investigation, the difference of resistance produced by 
the varying pressure upon the semi-conductor was found to be 
exceedingly small, and it occurred to me that as so small a 
change in a circuit of large resistance was only a small factor, in 
the primary circuit of an induction coil, where a slight change of 
resistance would be an important factor, it would thus enable me 
to obtain decidedly better results at once. The experiment, 
however, failed, owing to the great resistance of the semi-con- 
ductors then used. 

After further experimenting in various directions, I was led 
to believe, if I could by any means reduce the normal resistance 
of the semi-conductor to a few ohms, and still effect a difference 
in its resistance by the pressure due to the vibrating diaphragm, 
that I could use it in the primary circuit of an induction coil. 
Having arrived at this conclusion, I constructed a transmitter 
in which a button of some semi-conducting substance was placed 
between two platinum disks, ina kind of cup or small containing 
vessel. Electrical connection between the button and disks was 
maintained by the slight pressure of a piece of rubber tubing, + 
inch in diameter and 4 inch long, which was secured to the dia- 
phragm, and also made to rest against the outside disk. The 
vibrations of the diaphragm were thus able to produce the 
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requisite pressure on the platinum disk, and thereby vary the 
resistance of the button included in the primary circuit of the 
induction coil. 

At first a button of solid plumbago, such as is employed by 
electrotypers, was uscd, and the results obtained were considered 
excellent, everything transmitted coming out moderately dis- 
tinct, but the volume of sound was no greater than that of the 
magneto telephone. 

In order, therefore, to obtain disks or buttons, which, with a 
low normal resistance, could also be made, by a slight pressure, 
to vary greatly in this respect, I at once tried a great variety of 
substances, such as conducting oxides, sulphides and other par- 
tial conductors, among which was a small quantity of lamp- 
black that had been taken from a smoking petroleum lamp and 
preserved as a curiosity on account of its intense black color. 

A small disk made of this substance, when placed in the tele- 
phone, gave splendid results, the articulation being distinct, and 
the volume of sound several times greater than with telephones 
worked on the magneto principle. It was soon found upon 
investigation, that the resistance of the disk could be varied 
from three hundred ohms to the fractional part of a single ohm 
by pressure alone, and that the best results were obtained when 
the resistance of the primary coil, in which the carbon disk was 
included, was 38, of an ohm, and the normal resistance of the 
disk itself three ohms. 

Mr. Henry Bentley, president of the Local Telegraph Com- 
pany, at Philadelphia, who has made an exhaustive series of 
experiments with a complete set of this apparatus upon the 
wires of the Western Union Telegraph Company, has actually 
succeeded in working with it over a wire of 720 miles in length, 
and has found it a practicable instrument upon wires of 100 to 
200 miles in length, notwithstanding the fact that the latter were 
placed upon poles with numerous other wires, which occasioned 
sufficiently powerful induced currents in them to entirely destroy 
the articulation of the magneto telephone. I also learn that he 
has found the instrument practicable, when included in a Morse 
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circuit, with a battery and eight or ten stations provided with 
the ordinary Morse apparatus; and that several way stations 
could exchange business telephonically upon a wire which was 
being worked quadruplex without disturbing the latter, and not- 
withstanding, also, the action of the powerful reversed currents 
of the quadruplex on the diaphragms of the receiver. It would 
thus seem as though the volume of sound produced by the voice 
with this apparatus more than compensates for the noise caused 
by such actions. 

While engaged in experimenting with my telephone for the pur- 
pose of ascertaining whether it might not be possible to dispense 
with the rubber tube which connected the diaphragm with the 
rheostatic disk, and was objectionable on account of its tendency 
to become flattened by continued vibrations, and thus necessitate 
the readjustment of the instrument, I discovered that my prin- 
ciple, unlike all other acoustical devices for the transmission of 
speech, did not require any vibration of the diaphragm—that, in 
fact, the sound waves could be transformed into electrical pul- 
sations without the movement of any intervening mechanism. 

The manner in which I arrived at this result was as follows: 
I first substituted a spiral spring of about a quarter inch in 
length, containing four turns of wire, for the rubber tube which 
connected the diaphragm with the disks. I found, however, that 
this spring gave out a musical tone which interfered somewhat 
with the effects produced by the voice; but, in the hope of over- 
coming the defect, I kept on substituting spiral springs of thicker 
wire, and as I did so I found that the articulation became both 
clearer and louder. At last I substituted a solid substance for 
the springs that had gradually been made more and more inelastic, 
and then I obtained very marked improvements in the results. 
It then occurred to me that the whole question was one of pres- 
sure only, and that it was not necessary that the diaphragm should 
vibrate at all. I consequently put in a heavy diaphragm, one 
and three quarter inches in diameter and one sixteenth inch 
thick, and fastened the carbon disk and plate tightly together, 
so that the latter showed no vibration with the loudest tones. 
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Upon testing it I found my surmises verified; the articulation 
was perfect and the volume of sound so great that conversation 
carried on in a whisper three feet from the telephone was clearly 
heard and understood at the other end of the line. 

This, therefore, is the arrangement I have adopted in my pres- 
ent form of apparatus, which I call the carbon telephone, to dis- 
tinguish it from others. It is fully described in another part of 
this work. 

The accessories and connections of this apparatus for long cir- 
cuits are shown in fig. 66. A is an induction coil, whose primary 


Fig. 66. 


wire p, having a resistance of several ohms, is placed around 
the secondary, instead of within it, as in the usual manner of con- 
struction. The secondary coil s, of finer wire, has a resistance 
of from 150 to 200 ohms, according to the degree of tension re- 
quired; and the receiving telephone R consists simply of a mag- 
net, coil and diaphragm. One pole of the magnet is connected 
to the outer edge of the diaphragm, and the other, which carries 
the wire bobbin of about 75 ohms resistance, and is included in 
the main line, is placed just opposite its centre. 


wa 
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P R is the signalling relay, generally a Siemens’ polarized in- 
strument, which has been given a bias towards one side, and con- 
sequently is capable of responding to currents of one definite 
direction only. 

The lever of this relay, when actuated by the current from a 
distant station on the line in which the instrument is included, 
closes a local circuit containing the vibrating call bell B, and 
thus gives warning when speaking communication is desired. 

Besides serving to operate the call bell, the local battery E is 
also used for sending the call signal. S is a switch, the lever of 
which, when placed at 0, between mand n, disconnects the trans- 
mitter T and local battery E from the coil A, and in this posi- 
tion leaves the polarized relay P R free to respond to cur- 
rents from the distant station. When this station is wanted, 
however, the lever S is turned to the left on n, and depressed sev- 
eral times in rapid succession. The current from the local bat- 
tery, by this means, is made to pass through the primary coil 
of A, and thus for each make and break of the circuit induces 
powerful currents in the secondary s, which pass into the line 
and actuate the distant call bell. 

When the call signals have been exchanged, both terminal 
stations place their switches to the right on m, and thus intro- 
duce the carbon transmitter into their respective circuits. The 
changes of pressure, produced by speaking against the diaphragm 
of either transmitter, then serve, as already shown, to vary the 
resistance of the carbon, and thus produce corresponding varia- 
tions in the induced currents, which, acting through the receiv- 
ing instrument, reproduce at the distant station whatever has 
been spoken into the transmitting instrument. 

For lines of moderate lengths, say from one to thirty miles, 
another arrangement, shown in fig. 67, may be used advantage- 
ously. The induction coil, key, battery, and receiving and trans- 
mitting telephones, are lettered the same as in the previous figure, 
and are similar in every respect to the apparatus there shown; the 
switch S, however, differs somewhat in construction from the one 
already described, but is made to serve a similar purpose. 
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When a plug is inserted between 8 and 4, the relay or sounder 
R’, battery E, and key K only are included in the main line 
circuit, and this is the normal arrangement of the apparatus for 
signalling purposes. The battery, usually about three cells of 
the Daniell form, serves also both for a local and main battery. 
When a plug is inserted between 1, 2 and 4, the apparatus is 
available for telephonic communication. 

I have also found, on lines of from one to twenty miles in 
length, that the ordinary call can be dispensed with, and a sim- 
plified arrangement substituted. This latter consists simply 


Fig. 61. 


of the ordinary receiving telephone, upon the diaphragm of 
which a free lever, L, is made to rest, as shown in fig. 68 When 
the induced currents from the distant station act upon the 
receiver R, the diaphragm of the latter is thrown into vibration, 
but by itself is capable of giving only a comparatively weak 
sound; with the lever resting upon its centre, however, a sharp, 
penetrating noise is produced by the constant and rapid rebounds 
of the lever, which thus answers very well for calling purposes 
at stations where there is comparatively but little naise. 
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Among the various other methods for signalling purposes 
which I have experimented with, I may mention the sounding 
of a note, by the voice, in a small Reiss’s telephone; the employ- 
ment of aself-vibrating reed in the local circuit; and a break 
wheel with many cogs, so arranged as to interrupt the circuit 
when set in motion. 


Fig. 68, 


I have also used direct and induced currents to release clock 
work, and thus operate a call, and in some of my earlier acoustic 
experiments tuning forks were used, whose vibrations in front 
of magnets caused electrical currents to be generated in the coils 
surrounding the latter. 

By the further action of these currents on similar forks at a 
distant station, bells were caused to be rung, and signals thus 


co LINE <p 


> 
bs 


Fig. 69, 


given. Fig. 69 shows an arrangement of this kind. A andB 
are two magnetized tuning forks, having the same rate of 
vibration and placed at two terminal stations. Electro-magnets 
m and m! are placed opposite one of the prongs of the forks at 
each station, while a bell, C or D, stands opposite to the other. 
The coils of the magnet are connected respectively to the line 
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wire and to earth. When one of the forks is set in vibration by 
a starting key provided for the purpose, the currents produced 
by the approach of one of its magnetized prongs towards the 
magnet, and its recession therefrom, pass into the line and to the 
further station, where their action soon causes the second fork 
to vibrate with constantly increasing amplitude, until the bell is 
struck and the signal given. 


Fig. 70. 


For telephonic calls the call bells are so arranged that the one 
opposite to the fork, which gencrates the currents, is thrown out 
of the way of the latter's vibrations. 

Another call apparatus, which I have used, is represented in 
fiz. 70. In this arrangement two small magnetic pendulums, 
whose rates of vibration are the same, are placed in front of 


cra 

Fig. 71. 
separate electro-magnets, the helices of which Join in the main 
line circuit, When one of the pendulums is put in motion, the 
currents generated by its forward and backward swings in front 
of the electro-magnet pass into the line, and at the opposite ter- 
minal, acting through the helix there, cause the second pendulum 
to vibrate in unison with the former. 

Fig. 71 shows a form of electrophorous telephone which acts 
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by the approach of the diaphragm contained in A or B towards 
or its recession from a highly charged electrophorous, C or D. 
The vibrations of the transmitting diaphragm cause a disturbance 
of the charge at both ends of the line, and thus give rise to faint 
sounds. Perfect insulation, however, is necessary, and either 
apparatus can be used both for transmitting and receiving, but 
the results are necessarily very weak. 

Another form of electro-static telephone is shown in fig. 72. 
In this arrangement Deluc piles of some 20,000 disks each are 
contained in glass tubes A and B, and conveniently mounted on 
glass, wood or metal stands. The diaphragms, which are in 
electrical connection with the earth, are also placed opposite to 
one pole of each of the piles, while the opposite poles are joined 
together by the line conductor. Any vibration of either dia- 
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phragm is thus capable of disturbing the electrical condition of 
the neighboring disks, the same as in the electrophorous tele- 
phones; and consequently the vibrations, when produced by the 
voice in one instrument, will give rise to corresponding electrical 
changes in the other, and thereby reproduce in it what has been 
spoken into the mouthpiece of the former. 

With this arrangement fair results may be obtained, and it is 
not necessary that the insulation should be so perfect as for the 
electrophorous apparatus. Fig. 73 shows a form of electro- 
mechanical telephone, referred to near the beginning of this 
communication, by means of which I attempted to transmit 
electrical impulses of variable strength, so as to reproduce spoken 
words at a distance. Small resistance coils—1, 2, 3, ete.—were 
so arranged with connecting springs near a platinum faced lever 
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B, in connection with the diaphragm in A, that any movement 
of the latter caused one or more of the coils to be cut in or out 
of the primary circuit of an induction coil C, the number, of 
course, varying with the amplitude of the vibrating diaphragm. 
Induced currents corresponding in strength with the variations 
of resistance were thus sent into the line, and could then be made 
to act upon an ordinary receiving telephone. By arranging the 


Fig. 73, ° 


springs in a sunfiower pattern about a circular lever, T have suc- 
ceeded in transmitting articulate sentences by this method, but 
the results were very harsh and disagreeable. 

Fig. 78 shows a form of the water telephone previously re- 
ferred to, in which a double cell was used, so as to afford con- 
siderable variation of resistance for the very slight movements 


Fig. 14. 


of the diaphragm. The action of the apparatus will readily be — 
understood from the figure, where a wire in the form of the 
letter U is shown, with the bend attached to the diaphragm, and 
its ends dipping into the separate cells, and thus made to form 
part of the circuit when the line is joined to the instrument at a 
and c 


CHAPTER VI. 
EDISON’S RECENT TELEPHONIC AND ACOUSTIC INVENTIONS. 


The most important advance that has been made in the appli- 
cation of the telephone to business, manufactures and medical 
science dates from the discovery of the varying electrical re- 
sistance of certain bodies when submitted to pressure. The car- 
bon telephone is based on this fact, and more recent discoveries 
prove that any mass of metal that is not continuous, like a heap 
of shot, a coil of chain, or charcoal impregnated with iron, will 
produce changes in an electrical current when submitted to pres- 
sure. This pressure may be the impact of sonorous waves of all 
kinds, and thus such a mass of metal may become the transmit- 
ter of a telephonic circuit. 

In Chapter V. we have already described a few of the discov- 
eries and inventions made by Mr. Edison in his researches which 
culminated in the invention of the carbon telephone. We now 
propose to present a more complete description of the important 
forms of telephone upon which he then experimented, as well 
as to describe his more recent acoustic inventions. The carbon 
telephone is only one of many contrivances for reproducing 
articulate speech at a distance, but owing to its clear and truth- 
ful articulation, its simplicity of construction, and the far greater 
volume of sound which it creates, it is likely to be the most 
extensively used. Other instruments of Mr. Edison's inven- 
tion, however, are not far behind it, and may by improvement be 
made equally effective. As arule, Mr. Edison has succeeded 
better with those telephones which produce a variation in the 
resistance of the circuit than with such as depend for their 
action upon a variation of the electromotive force or static 
charge. 

_ An instrument very similar to the carbon transmitting tele- 
‘phone is shown in fig. 75 (devised November 19, 1877), the 
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essential difference being that the carbon is replaced by bibu- 
lous paper, moistened with water. This semi-conductor, like 
the carbon, changes its resistance under the influence of varying 
pressure. The paper is kept moist by capillary action, a strip 
being used, one end of which dips into a reservoir of water. In 
_ fig. 96 (devised June 27, 1877) is shown a form of the carbon 
transmitting telephone, requiring no adjustment whatever, and 
which operates well, notwithstanding the simplicity of its con- 
struction. It consists essentially of a plate of metal resting on 
the bottom of a hollow vessel, and carrying a block of prepared 
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carbon, upon which a second and light metallic plate is laid. 
The weight of the upper plate affords an initial pressure, which 
is varied by speaking into the mouth of the vessel. The carbon 
block may be replaced by a disk of cloth, the pores of which 
have been filled with pulverized black lead. By this treatment 
the cloth becomes slightly conductive. The instrument thus 
modified is shown in fig. 77 (devised Sept. 20, 1877). In fig. 

78 (devised August 12, 1877) the pulverized plumbago P is 
floated upon mercury, M, and is compressed between the surface 
of the mercury and a metallic block fastened to the centre of the 
diaphragm. 
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Still another form of the Edison transmitter is shown in fig. 

79 (devised July 5, 1877). The carbon C rests upon the dia- 
phragm, which, in this instrument, is a horizontal plate forming 
the top of a vocalizing chamber, the mouth piece being at the 
side. Three fine cords attach the carbon to the framework of 
the diaphragm, and prevent it from being displaced when the 
diaphragm is vibrating. In appearance this instrument resem- 
bles the Reiss telephone, and in principle it would be much the 


Fig. 77. 


same were it not that, in vibrating, the carbon never actually 
leaves the plate upon which it rests, but simply, for an instant, 
releases its pressure. It is evident that the resistance of the cir- 
cuit depends upon the electric connection between the carbon 
and the diaphragm, and that this connection depends upon the 
pressure of the carbon, which is constantly changing when the 
diaphragm is in vibration, This apparatus is too sensitive to 
extraneous sounds to be useful in telephony. 


Another form acting on much the same principle is illustrated 
by fig. 80 (devised Sept. 30, 1877); it is called the inertia tele- 
phone, though it is hardly certain that its action is to be attrib- 
uted solely to inertia. The carbon C is placed between two 
metallic plates, one of which is fastened to the diaphragm, and 
the other is held by a screw bearing in a framework, attached 
to the diaphragm by insulating supports. When vibrating, the 
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whole system moves, instead of the plate P alone, as in the ordi- 
nary carbon transmitter. Mr. Edison’s explanation of its mode 
of action is, that the degree of pressure with which the carbon 
rests against the plates is varied during the vibration. Thus, 
after a movement toward the right, the diaphragm suddenly 
stops, and the carbon presses in virtue of its inertia on the 
plate P. 

An advantage which the magneto-telephone has over the 
earlier forms of Mr. Edison’s telephone is, that its diaphragm 


Fig. 80. 


does not touch anything, and can therefore vibrate with perfect 
freedom. On the other hand, the diaphragm of the carbon tele- 
phone, used before his adoption of the present non-vibrating 
rigid plate, presses with considerable force upon the carbon, and 
thus causes it to make false vibration. In the form shown in 
fig. 81 (devised June 25, 1877), this difficulty is not encoun- 
tered. The diaphragm carries an armature, A, of soft iron, 
which confronts but does not touch the magnet B. A and B 
are opposite poles of the same magnet, being connected at P, 
and polarized by a local circuit The magnet B presses upon 
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the carbon at C, the pressure being regulated by the screw S. 
The attraction between A and B varies with the distance be- 
tween them. When, in vibrating, A moves toward B, the at- 
traction rapidly increases, and B lessens its pressure upon C. 
During a motion in the opposite direction, the attraction dimin- 
ishes, and B, drawn by the spring S, increases its pressure upon C. 

A similar contrivance is illustrated in fig. 82. (Devised 
April 10, 1877.) The diaphragm carries an armature, A, which, 
by its motion, changes the potential of two electro-magnets. 
These changes in magnetism cause a bar, situated in their mag- 
netic field, to reproduce the original vibrations. The ends of 
the bar are held by the magnetic force against two pieces of 
carbon, c and e These and the bar are included in the primary 
circuit of an induction coil. The resistance of the circuit 


Fig. 83. 


decreases when the bar is drawn up, and increases as the bar 
descends. 

Of all substances which have thus been tested in the tele- 
phone for increasing and decreasing the resistance of the circuit 
by the effect of the sonorous vibrations, lamp black from the 
lighter hydrocarbons proves the best. It is very essential that 
the lamp black should be deposited at the lowest temperature 
possible, and the flame of the lamp should not be allowed 
to play upon the deposit; otherwise the product is of high re- 
sistance and wholly unsuitable for this purpose. Commercial 
lamp black of the best quality, scarcely allows a current to pass 
through it, while that obtained by the process herein described 
offers but slight resistance. 

The lamp black as it comes from the burning apparatus is 
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laid upon a white slab, and those portions which have a brown 
tinge are picked from the mass; the remainder is then ground in 
a mortar and placed in a large mould and subjected to a pressure 
of several thousand pounds. The cake thus pressed is re- 
powdered and re-pressed several times, Finally, it is weighed out 
in divisions of three hundred milligrammes and moulded into 
buttons as seen in the telephone. 

The reason why lamp black thus moulded is superior to any 
other material is satisfactorily explained, when we consider that 
of all finely divided substances obtained either by mechanical 
action or chemical precipitation, it is seen, when under the mi- 
croscope, to have the greatest number of particles, or in other 
words, to be the most finely divided. Now it is well known that 
the increase and decrease of the resistance of any button of 
finely divided conducting matter, when subject to pressure, is 
due entirely to the contact of a greater or less number of par- 
ticles at the junction or surfaces. 

Again, it is known that the telephone is exquisitely sensi- 
tive to the slightest change of resistance in the circuit; hence, if 
a button of gas retort carbon composed of inelastic particles, few 
in number (as compared to Jamp black), is used in a telephone, 
the production of a wave by gradually increasing pressure is 
obtained by the gradually increasing number of particles which 
are brought in contact with the surface plates.) Now these par- 
ticles are so few and large, and in many cases several particles 
aggregated in the retort carbon, that the wave instead of being 
pure is harsh and grating. This wave may be graphically re- 
presented by a serrated line inclined at an angle of 45°, the 
points representing the disturbance of the current by the effect 
of the particles themselves. Now if the button of gas retort 
carbon be replaced by one of graphite, which is composed of 
much smaller particles with no aggregations as with the first, 
the waves will be represented by the line as above, but the 
points will be scarcely perceptible, and these gaps being so 
minute, are beyond the power of the telephone to detect; hence 
we obtain a pure wave, but these gaps weaken the wave as 
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a whole by their effect on the self-induction of the telephone 
receiver. But in the case of lamp black, the particles are in- 
finitely finer than graphite, and, moreover, the button is some- 
what elastic; hence the line representing the form of the wave 
will be perfectly straight, although theoretically there are gaps. 
They are infinitely small as compared to graphite or other con- 
ducting material, therefore we not only prevent harsh sounds, but 
obtain a stronger wave, owing to the absence of gaps and their 
effect on the self-induction of the magnet. Lamp black when 
moulded into buttons possesses another property differing from 
all other conducting material, and that is its elasticity. For | 
instance, if we subject buttons of different materials to pressure, 
the greatest difference of resistance with a given weight will be 
produced on the lamp black button; again, if we increase the 
weight on all the buttons, a point will be reached where any 
additional weight ceases to reduce the resistance appreciably, 
except in the case of the lamp black, which continues to show 
decrease of resistance by additional weight placed upon it long 
after the other buttons cease to be affected, as all the particles 
that can come in contact will be brought in contact by a slight 
weight owing to the inelastic nature. Mr. Edison has en- 
dcavored to obtain an approximation as to the number of 
points of contact on the lamp black button now used. In order 
to accomplish this purpose he first placed a Rutherford dif- 
fraction grating under the microscope having 17,291 lines ruled 
on speculum metal within a space of one inch, and by the side 
of this a button of lamp black, then by changing from one to 
the other, he calculated that there were not less than 10,000,000 
of points upon the surface of the button, nearly all of which 
were constantly in use when subjected to the sonorous vibra- 
tions. Had the Rutherford grating been ruled both ways there 
would have been 298,000,000 of points, and there is little doubt 
that a button of platina ruled double in this manner would give 
good results in the telephone, but would not equal the lamp 
black, owing to its want of elasticity. 

The elasticity of the lamp black button has another advantage, 
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insomuch that it allows a considerable initial pressure to be 
placed upon it without materially reducing its sensibility; hence 
the apparatus is not so liable to be thrown out of adjustment as 
those employing an inelastic button, where the initial pressure 
must be exceedingly light to retain its sensibility. When 
adjusted in this manner, a loud sound causes a break in the 
circuit, and the sounds are harsh and disagreeable, and allow 
sparks to occur, which in time coats the metallic armature and 
renders it unfit for use. The only defect, if so it may be called, 
in the button made of lamp-black, is that it is somewhat friable ; 
but Mr. Edison’s experience goes to prove that if the telephone 
is made in a proper manner, so that no part of it will, when 
under the effect of the sonorous waves, vibrate and hammer the 
button, it will last for months, and as far as can be seen, will 
continue to last as long as the instrument that holds it; but if 
the instrument is so devised that the armatures are allowed to 
hammer the button, or if the initial pressure is very light and 
the instrument receives a violent concussion (for instance, by 
being dropped on the floor), the button is liable to crack, but 
even in this case the volume of sound is not materially lessened. 
Mr. Edison has attempted to harden these buttons by mixing 
the lamp-black with sugar, tar and other substances previous to 
moulding, and after moulding subjecting them to a high temper- 
ature. This treatment makes them hard but inelastic, and yet 
far superior to any other substance which he has tried. 

The value of different substances to be used as buttons in 
the telephone are given below, the first mentioned being the best, 
and the others in the order given: 

Lamp-black, 

Hyperoxide of lead, 

Iodide of copper, 

Graphite, 

Gas carbon, 

Platinum black. 

Finely divided materials which do not oxidize in the air, such 
as osmium, ruthenium, silicon, boron, iridium and platinum, 
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give results proportionate to this minute division, but many of 
them are such good conductors that it is necessary to mix some 
very fine non-conducting material with them before moulding. 
All the conducting oxides, sulphides, iodides, and nearly every 
metal finely divided has been tried by Mr. Edison, in vari- 
ous states of divisibility and mixed with various substances. 
Liquids in porous buttons of finely divided non-conducting 
material, render these particles conducting, and they, conse- 
quently, act in the same manner, but, of course, owing to the 
formation of gas, polarization, etc., they are objectionable. 


THE MICROPHONE. 


The device of using several pieces of the semi-conductor 
instead of one was early tried by Mr. Edison. He found, in 
general, that the loudness of the sound was increased by thus 
multiplying the number of contact surfaces, but also that the 
articulation was impaired. Instruments of this nature have 
since become known as microphones, though it is not probable 
that faint sounds were ever augmented through their agency so 
that they could be easily recognized at a distance from their 
source. Fig. 83 shows one of the first forms, invented by Mr. 
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Edison, April 1, 1877. Four pieces of charcoal are used, C C, 
etc., each supported by an upright spring, as at S and S’. The 
piece of charcoal nearest the diaphragm impinges upon a disk 
of carbon, which is fastened to the centre of the diaphragm. 
The primary wires of an induction coil are attached to the dia- 
phragm and the spring S. The circuit is then completed through 
the semi-conductors. | 

Other forms are shown in figs. 84 and 85. The former has 
two carbons, separated by a plate of metal. The latter has three 
contiguous pieces of carbon. 

Fig. 86 (devised Sept. 21, 1877) illustrates a microphone, 


Fig. 85. 


having ten plates of silk; a mixture of dextrine and Jamp-black 
having been previously worked into the pores. 

In fig. 87 (devised June 7, 1877), fifty disks, D, with iron 
protoxidized on the surface, are shown inclosed in a glass tube. 

A novel form of transmitter used by Mr. Edison in his ex- 
periments is shown in fig. 88 (devised Aug. 12, 1877). The 
semi-conductor is a collection of small fragments of cork covered 
with plumbago. It can be used with or without a diaphragm. 
The instrument shown in fig, 89, (devised Aug. 24, 1877) acts 
both as a transmitter and receiver, the latter fact being dis- 
covered by Mr. Chas. Batchelor, Mr. Edison's assistant. The 
solid carbon of the transmitter is here replaced by silk fibres 
coated with graphite. Its action as a receiver is probably due 
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to the attraction of parallel currents; the volume of the whole 
being contracted during the passage of a current through F. 

In May, 1878, Mr. Hughes, of London, published some inter- 
esting experiments, based upon Mr. Edison’s discovery of the 
variable resistance of solid conductors when subjected to pres- 
sure. 


Fig. 86. Fig. 87. 


In fig. 90, A is a glass tube filled with a mixture of 
metallic tin and .zinc, commonly known as white silver powder. 
This powder is slightly compressed by two plugs of gas car- 


Fiy. 89. 


bon inserted at the ends, to which are attached wires, hav- 
ing a battery, B, and galvanometer, G, in circuit. The plugs 
are cemented in their place by being covered over with ordinary 
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sealing wax. Upon grasping this tube by the two ends, and 
giving it a tensile strain by pulling them in contrary direc- 
tions, but in a line with its length, the galvanometer needie 
is deflected in one direction, and on pushing the ends towards 
one another, so as to put on a strain of compression, the needle 
of the galvanometer is instantly deflected in the opposite direc- 
tion. In this case the finely divided metallic particles forming 
the contents of the tube are brought into more intimate connec- 
tion by compression, and are more separated during the opera- 
tion of extension, and thus the resistance of the circuit is varied, 
increasing the current in the first instance, and decreasing it in 
the second. If this view be correct, the movement of the gal- 
vanometer needle in the reverse direction cannot be called a 


Fig. 90. 


deflection, but a returning to zero, stopping at that position 
which represents the strength of the current flowing through its 
coils when the tube is being extended. This experiment alone 
would be a remarkable example of the marvellous sensitiveness 
of the telephone as a detector of minute variations of electrical 
force, for it is hardly possible to conceive the minute increment | 
that takes place in the length or capacity of a glass tube, some 
three inches long, when extended by pulling withthe fingers, But 
this sensitive tube is far more delicate than is shown by the last 
named experiment. So sensitive is it, that it is capable of taking 
up sonorous vibrations, and by its own vibrations under their 
influence it transmits through an electric wire to a distant tele- 
phone, undulatory currents capable of reproducing therein all 
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the sounds by which they were produced, and with even greater 
perfection than would be attained if a telephone were the trans- 
mitting instrument. By attaching one of these tubes to a small 
resonating box, as shown in fig. 91, we have one of the very 
simplest electric articulating telephones that has ever been pro- 
duced. It consists of nothing more than a tube of glass filled 
with a powder whose electric conductivity can be varied by varia- 
tions of compression, wires being led from the two ends, and 
this little apparatus attached to a little box opened at one end, 
which serves as the mouth piece of the instrument. The wires 
are attached to a distant telephone, and have a battery of three 
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small Daniell cells in circuit. With this simple telephone the 
sounds are so loud that it is possible to sing into one instrument, 
and hear at the same time singing from a distant station in 
another. This duplex arrangement with a single circuit works 
perfectly, the one communication in no way interfering with the 
other. 

When a stick of pure vegetabie carbon, such as is used by 
artists, is employed instead of the tube, no effect is produced, 
because of its very high resistance making it to all intents and 
purposes a perfect non-conductor; but by heating it to incan- 
descence, and suddenly plunging it into a bath of mercury, it 
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becomes impregnated with minute particles of that metal, and 
in that state can be used almost as well as the tube of 
compound metallic powder. Similarly, charcoal impregnated 
with platinum perchloride may be used with advantage, whether 
in the form of a stick or as powder contained in a tube. 

Mr. Hughes, in experimenting with various substances, 
arrived at the conclusion that whatever conductor is em- 
ployed, it must not be homogeneous in its nature, so that 
increase or decrease of pressure, by producing closer or more 
distant union between its conducting particles, has the property 
of varying the strength of the current transmitted, giving to it 


an undulatory character. A tube containing clean lead shot 
will exhibit the phenomena, but after a time, in consequence of 
an insulating oxide being formed on the surface of each shot, it 
ceases to convey the current. Possibly by immersing the shot 
in a non-oxidizing medium, such as naphtha, the defect might 
be remedied, but far better substances for the experiments can 
be found than shot. 

Fig. 92 represents a perspective view of a small wooden box 
open at one end, and resembling the boxes used as resonators for 
tuning forks, A convenient size is ten inches wide, eighteen inches 
long and seven inches deep. On this is a small glass tube 
open at both ends, and fastened down with sealing wax. In the 
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tube are a number of pieces of willow charcoal that have been 
metallized with iron. To prepare this charcoal, take sticks 
(pencils) of charcoal and pack them loosely in an iron box 
with a loose cover, and bring the box slowly to a white heat. 
This tends to drive out the water that may be held in the pores 
of the charcoal, and it is replaced by the vapor of iron, so that, 
when cool, the sticks of charcoal are loaded with iron and have 
a decided metallic ring. Small pieces of the metallized char- 
coal are placed in the glass tube and closely pressed together 
till it is full and a portion of the charcoal projects at either end, 
as shown in the figure. The wires of a telephonic circuit are 
wound round these projecting ends, and the ends of the tube 


Fig. 93. 


are then closed with sealing wax. This apparatus, simple as it 
is, makes a telephonic transmitter of most remarkable sensitive- 
ness. On holding an ordinary magneto-electric telephone to 
the ear (with a battery in the line), the mere rubbing of the 
finger on the box, the trace of a pencil, or the footsteps of a 
house fly walking on or near the box will be heard with perfect 
distinctness. So sensitive is this instrument that sounds that 
cannot be heard by the ear become clear in the telephone. 

A watch placed on the box gives all the sounds of its works— 
the grinding of the wheels, the sonorous ring of the spring and 
the minutest tick of the gearing. Words spoken in the box 
sound with the power of a trumpet in the telephone, and the 
blowing of the breath resembles the roar of the wind in a forest. 
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Fig. 93 represents another form of transmitter based on the 
same principles. A is a short piece of a carbon point, such as is 
used in the electric light, mounted by a metallic arm pivoted on 
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the upright C. There are two of these uprights secured to the 
wooden plate, one on each side of the stick of carbon. At D is 


Fg. 95. 


a small block of the metallized charcoal resting on an insulator 
(sealing wax). X and Y are the two wires of a telephonic line. 
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This apparatus shows the effect of varying pressure on electrical 
resistance. On lifting the lower end from the mass of charcoal 


the circuit is broken. On pressing it down on the charcoal the - 


electrical resistance will vary with the pressure, however mi- 
nute it may be. The pressure exerted by sonorous vibrations, 
even though they may be caused by the tread of a fly or the 
pressure of a finger, cause so great changes in the electrical status 
of the line that when the telephone receiver is placed at the ear 
these minute movements are distinctly heard. 

Fig. 94 represents a thin pine board about six inches square, 
placed upright on a suitable support. To this are attached, by 


Fig. 96. 


means of sealing wax, two pieces of common gas carbon, C, C. 
(See detail sketch, fig. 95. ) In each piece is hollowed out a shal- 
low cup, and supported between them is an upright spindle of 
gas carbon, A, the pointed ends just touching the cups. This 
spindle is placed in a telephonic circuit by twisting the wires 
round the carbon cups, as shown in the drawing. Words spoken 
before this sounding board, even at a distance of several yards, 
are distinctly heard in the telephone. These transmitters, rough 
and crude as they may appear, plainly show that a most import- 
ant advance has been made in telephony. With instruments of 
more delicate construction, even more remarkable results may 
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yet be obtained. Ordinary mechanical structures which contain 
a good many joints, such as a small machine or a small chain 
made into a little heap, act almost as well as the substances to 
which we have referred. In these special cases the phenomena 
are probably due to the electric current having imparted to it 
an undulatory character through being transmitted through a 
circuit containing a number of what the telegraph engineer 
would call faults, which are variable in their faultiness, 
through variations of pressure between the separate parts of the 
conducting structure. It must seem strange, and yet it is never- 
theless a fact, that if we place two common nails in a telephonic 
circuit and insulate them from each other, and then place a 
third nail upon them so as to close the circuit, a capital trans- 
mitter is at once made. The sonorous vibrations, falling on the 
nail, will be reproduced in the telephone with startling distinct- 
ness, Fig. 96 showssuch a transmitter. Twocommon nails, A, 
are fastened down to a horizontal board; wires X and Y are 
attached to them, leading to a battery, B, and a telephone in such 
a manner that the nails form the only break in the circuit, which 
can be closed by laying any conducting material across them. 
When a third nail is laid across the other two, it is clear that 
(as a cylinder can only touch another cylinder whose axis is not 
parallel with it in a single point) the electric circuit has a very 
imperfect connection at the points of contact between the nails, 
and it is to this faulty connection that the sensitiveness of this 
arrangement is due. 

In the accounts which have been published of experiments 
with the microphone, the statement has frequently been made, 
that minute sounds are actually magnified by it, in the same 
sense that minute objects are magnified by the microscope. A 
little reflection will show, however, that there is no real analogy 
in the action of the two instruments. The sound that is heard in 
the receiving instrument of the microphone, when a fly is 
walking across the board on which the transmitter is placed, is 
not the sound of the fly’s footsteps, any more than the stroke of 
a powerful electric bell, or sounder, is the magnified sound of 
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the operator's fingers tapping lightly and, it may be, inaudibly 
upon the key. This view of the subject readily explains why tlie 
microphone has failed to realize the expectations of many per- 
sons, who, upon its first exhibition, enthusiastically announced 
that by its aid, we should be able to hear many sounds in nature 
which had hitherto remained wholly inaudible. 


SHORT CIRCUITING TELEPHONES. 


A number of the telephones invented by Mr. Edison may be 
classed together as short circuiting, or cut out telephones) The 
principle upon which they act might thus be briefly stated: In 
vibrating, the diaphragm cuts from the circuit resistances, which 
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Fig. 97. Fig. 98. 


are proportional to the amplitude of the vibrations. A transmitter 
constructed upon this principle is shown in fig. 97 (devised 
March 20, 1877). A lever, L, of metal, vibrating in a vertical 
plane, rests at one end upon a strip of carbonized silk, C, which 
is part of the primary circuit of the induction coil I. In the 
course of its vibrations the lever cuts from the circuit parts of 
the silk, the current passing temporarily through the lever. 
Another, acting on the same principle, but differing consider- 
ably in construction, is shown in fig. 98 (devised August 21, 
1877). A fine wire, W, of high resistance, is wrapped around a 
cylinder in a spiral groove. The wire forms part of the primary 
circuit of the coil C. A spring, S, of metal, in the form of an 
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ellipse, is fastened at one side to the diaphragm, while the other 
side presses against the uninsulated wire upon the cylinder. 
The diaphragm, in moving toward the right, flattens the spring, 
making it impinge upon a greater number of convolutions than 
it would if the motion were in the opposite direction. The re- 
sistance of the circuit depends, therefore, upon the position of 
the centre of the diaphragm. The disadvantage of this arrange- 
ment is, that either a whole convolution or none at all is sup- 
pressed from the circuit, rendering the current rather more inter- 
mittent than pulsatory. 

In fig. 99 (devised October 21, 1877), a similar spring rests 
upon a narrow strip of metal, on the surface of a glass plate. 


Fig. 9, Fig. 100. 


The film is shown in perspective at F, and consists of a fine strip 
of the silvered surface of a mirror; the rest of the burnished 
metal having been removed. 

The action of this instrument is similar to that of the instru- 
ment shown in fig. 274. 

Still another form of short circuiting telephone is shown in 
fig. 100 (devised Noy. 1, 1877). A spiral spring, W, is wrapped 
around a cylinder, the diaphragm pressing against the last turn, 
so that, in vibrating, the convolutions approach or recede from 
each other. A very slight motion of the diaphragm is sufficient 
to cause the first few coils to come together; and, in general, the 
number of coils that thus touch each other is dependent upon 
the amplitude of the diaphragm’s motion. The wire is included 
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in the primary circuit of an induction coil, so that the resistance 
of the circuit fluctuates as the diaphragm vibrates This wire 
has also been used as the primary of the induction coil itself 
with better results. 


CONDENSER TELEPHONES. 


Telephones in which static charge, instead of current strength, 
is made to vary in unison with the vocal utterances, have also 
been tried with success by Mr. Edison. The forms shown in 
figs. 101 and 102 (devised February 9 and December 10, 1877) 
differ only in construction, not in principle. 


Fig. 101. 


The former consists of a circular vocalizing chamber with 
mouth piece at V. The chamber is surrounded with plates, 
which are connected with each other and with the ground. 
These plates are free to vibrate, and are shown in the figure in 
section, as at P’. Immediately behind each of these stands a 
similar plate as at P, held at its centre by an adjusting screw. 
The outside row of plates are electrically connected with each 
other and with the battery which goes to line. When the inside 
row of plates vibrates under the influence of a sound, the distance 
between the plate varies and changes their static capacity. 
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In fig. 102 the plates are arranged as in the ordinary form 
of condenser. An initial pressure is put upon them by a screw 
bearing in the solid frame of the instrument. The diaphragm, 
in vibrating, varies the distance between the plates; this alters 
their static charge and affects also the electric tension of the line. 

The resistance of a conductor is dependent upon its shape. 
If an isometric block of metal be drawn out into a wire, its re- 
sistance may be indefinitely increased. This fact lies at the 
basis of several ingenious telephones invented by Mr. Edison. 

The one shown in fig. 108 (devised August 17, 1877) is of 
exceedingly simple construction. A globule of mercury, M, 
rests upon a slightly concave plate of metal. A needle from 
the diaphragm indents its upper surface, and as it vibrates 


Fig. 104. 


slightly alters the shape of the globule. This alteration, though 
exceedingly small, is sufficient to vary the resistance of the tele- 
phonic current considerably. 

It is a peculiar characteristic of a globule of mercury that it 
changes its original shape during the passage of a current 
through it. Mr. Edison has made an application of this phenom- 
ena in the telephone receiver shown in fig. 104 (devised August 
19, 1877). The globule of mercury, M, is placed, together with 
a conducting solution, in a U shaped tube. The currents from 
a transmitter, passing through the contents of the tube, elongate 
the mercury. This agitates the liquid and vibrates the float F, 
which is fastened to the centre of the diaphragm. 
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THE VOLTAIC PILE TELEPHONE. 


We have shown in fig. 105 (devised August 25, 1877) an 
instrument known as the pile telephone. A piece of cork, K, 
fastened to the diaphragm, presses upon a strip of platinum which 
is attached to a plate of copper. The latter is one of the termi- 
nal plates of an ordinary voltaic pile. The other terminal plate 
presses against the metallic frame of the instrument. When the 
pile is included in a closed telephonic circuit it furnishes a con- 
tinuous current. The strength of this current depends upon 
the internal resistance of the pile and its polarization, and these 
are varied by vibrating the diaphragm. 


Fig. 105. 


A convenient and peculiar form of receiver used by Mr. Edison 
is shown in fig. 106 (devised August 30, 1877). Itis like the 
ordinary magneto telephone, except that the circular diaphragm 
is replaced by a strip of thin iron, the edges having been bent so 
as to render it stiff. We mention it simply because it demon- 
strates the fact that it is not essential that a circular diaphragm 
be used. 

A novel and purely mechanical telephone is illustrated by 
fiz. 107 (devised August, 1877). In place of a line wire, the 
illuminating gas contained in gas pipes is used. It is calculated 
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for short distances only, as it is essential that the gas used in 
communicating offices should be drawn from the same main 
pipe. Inthe figure, P is the main pipe. The telephones are 
represented at T and T”. The instrument is merely a cone fast- 
ened by its apex to the gas pipe in place of the burner. The 
larger end is closed by a thin circular diaphragm. The vibra- 
tions are conveyed from one diaphragm to another through the 
medium of the gas. 

The phonograph and telephone, when combined, form an in- 
strument known as the telephonograph, of which fig. 108 (de- 
vised August 17, 1877) is a representation. The drum of the 
phonograph is shown in section. The diaphragm, instead of 
being vibrated by the voice, is vibrated by the currents which 
traverse the helix H, and which originate at a distant station. 


Fig. 107. 


The object of the instrument is to obtain a record of what is said 
at the distant office, which can be converted into sound when 
desired. 


THE MOTOGRAPH. 


= The motograph receiver, from which we have been accustomed 
to hear sounds almost destitute of quality, has by a little modi- 
fication become an articulating telephone. 

It works quite well in conjunction with the Edison carbon 
transmitter. In fig. 109 (the form shown was devised Novem- 
ber 23, 1877) the back of the motograph receiver has been re- 
moved, showing its construction. Within the drum D is con- 
tained the decomposing solution, and the covering surrounding 
the drum is kept constantly moist by capillary action. A me- 
tallic spring attached to the centre of the diaphragm rests upon 
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the drum. * While receiving, the drum is revolved by turning 
the milled screw at A. 
Mr. Edison's musical transmitter is shown in fig. 110, The 


Ca 


Fig. 108. Fig, 109. 


point P, projecting from the centre of the diaphragm, impinges 
upon a wrapping of platina foil covering a small drum of rubber, 
capable of adjustment by a thumb screw. 


NT 


THE CARBON RHEOSTAT. 


A very important application of the property possessed by 
semi-conductors, of changing their resistance under varying pres- 
sure, is shown in fig. 111. The cuts represent the new Edison 
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carbon rheostat. The instrument is designed to replace the 
ordinary adjustable rheostats whenever a resistance is to be 
inserted in a telegraph line, as, for example, in balancing 
quadruplex circuits, and where accuracy is not required. 

Fig. 112 is a vertical section. It shows a hollow cylinder of 
vulcanite, containing fifty disks of silk that have been saturated 
with sizing, and well filled with fine plumbago and dried. These 
are surmounted by a plate of metal, C, which can be raised or 
lowered by turning the screw D. The carbon disks can thus be 


ee 


Fig. 111 


subjected to any degree of pressure at pleasure. When inserted 
in the line, it isa matter involving no loss of time to obtain any 
desired resistance. The resistance can be varied from four 
hundred to six thousand ohms. 


THE MICRO-TASIMETER. 


The micro-tasimeter is the outcome of Edison’s experiments 
with his carbon telephone. Having experimented with dia- 
phragms of various thickness, he ascertained that the best 
results were secured by using the thicker diaphragms. At this 


` 
152 EDISON'S RECENT TELEPHONIC AND ACOUSTIC INVENTIONS. 


stage he experienced a new difficulty. So sensitive was the 
carbon button to changes of condition, that the expansion of the 
rubber telephone handle rendered the instrument inarticulate, 
and finally inoperative. Iron handles were subsiituted, with a 
similar result, but with the additional feature of musical and 
creaky tones distinctly audible in the receiving instrument. 
These sounds Edison attributed to the movement of the mole- 
cules of iron among themselves during expansion. He calls 
them moleculzr music To avoid these disturbances in the 


telephone, the handle was dispensed with, but it had done a 
great service in revealing the extreme sensitiveness of the carbon 
button, and this discovery opened the way for the invention of 
the new and wonderful instrument. 

The micro-tasimeter is represented in perspective in figs. 118 
and 114, in section in fig. 115, and the plan upon which it is 
arranged in the electric circuit is shown in fig. 116. 

The instcument consists essentially in a rigid iron frame for 
holding the carbon button, which is placed between two platinum 
surfaces, one of which is fixed and the other movable, and ina 
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Fig. 113, 
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device for holding the object to be tested, so that the pressure 
resulting from the expansion of the object acts upon the carbon 
button. 

Two stout posts, A, B, project from the rigid base piece C. 
A vulcanite disk, D, is secured to the post A, by the platinum 
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Figs. 114, 115, 116. 


headed screw E, the head of which rests in the bottom of a 
shallow circular cavity in the centre of the disk. In this cavity, 
and in contact with the head of the screw E, the carbon button 
F is placed. Upon the outer face of the button there is a disk 
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of platinum foil, which is in electrical communication with the 
battery. A metallic cup, G, is placed in contact with the plati- 
num disk to receive one end of the strip of whatever material is 
employed to operate the instrument. 

The post B is about four inches from the post A, and con- 
tains a screw acted follower, H, that carries a cup, I, between 
which and the cup G is placed a strip of any substance whose 
expansibility it is desired to exhibit. The post A is in electrical 
communication with a galvanometer, and the galvanometer is 
connected with the battery. The strip of the substance to be 
tested is put under a small initial pressure, which deflects the 
galvanometer needle a few degrecs from the neutral point. 
When the needle comes to rest, its position is noted. The slight- 
est subsequent expansion or contraction of the strip will be 
indicated by the movement of the galvanometer needle. A thin 
strip of hard rubber, placed in the instrument, exhibits extreme 
sensitiveness, being expanded by heat from the hand, so as to 
move through several degrees the needle of a very ordinary 
galvanometer, which is not affected in the slightest degree by a 
thermopile facing and near a red hot iron. The hand, in this 
experiment, is held a few inches from the rubber strip. A strip 
of mica is sensibly affected by the heat of the hand, and a strip 
of gelatine, placed in the instrument, is instantly expanded by 
moisture from a dampened piece of paper held two or three 
inches away. 

For these experiments the instrument is arranged as in fig. 
291, but for more delicate operations it is connected with a 
Thomson’s reflecting galvanometer, and the current is regulated 
by a Wheatstone’s bridge and a rheostat, so that the resistance 
on both sides of the galvanometer is equal, and the light pencil 
from the reflector falls on 0° of the scale. This arrangement is 
shown in fig. 290, and the principle is illustrated by the diagram, 
fig. 298. Here the galvanometer is at 9, and the instrument 
which is at 21s adjusted, say, for example, to ten ohms resistance. 
At a, b and c the resistance is the same. An increase or dimi- 
nution of the pressure on the carbon button by an infinitesimal 
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expansion or contraction of the substance under test is indicated 
on the scale of the galvanometer. 

The carbon button may be compared to a valve, for, when it 
is compressed in the slightest degree, its electrical conductivity 
is increased, and when it is allowed to expand it partly loses its 
conducting power. 

The heat from the hand, held six or eight inches from a strip 
of vulcanite placed in the instrument—when arranged as last 
described—is sufficient to deflect the galvanometer mirror so as 


to throw the light beam completely off the scale. A cold body 
placed near the vulcanite strip will carry the light beam in the 
opposite direction. 

Pressure that is inappreciable and undiscoverable by other 
means is distinctly indicated by this instrument. 

Mr. Edison proposes to make application of the principle of 
this instrument to numberless purposes, among which are deli- 
' cate thermometers, barometers and hygrometers. 

Fig. 117 shows in perspective the latest form of the Edison 
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micro-tasimeter, or measurer of infinitesimal pressure. The 
value of the instrument lies in its ability to detect small varia- 
tions of temperature. 

This is accomplished indirectly. The change of temperature 
causes expansion or contraction of a rod of vulcanite, or other 
material which changes the resistance of an electric circuit, by 
varying the pressure it exerts upon a carbon button included in 
the circuit. During the total eclipse of the sun, July 29, 1878, 
it successfully demonstrated the existence of heat in the corona. 
It is also of service in ascertaining the relative expansion of 
substance due to rise of temperature. 
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Fig. 118. 


In fig. 118 the important parts are represented in section, 
affording an insight into its construction and mode of operation. 

The substance whose expansion is to be measured is shown 
at A. Itis firmly clamped at B, its lower end fitting into a slot 
in the metal plate M, which rests upon the carbon button. The 
latter is in an electric circuit, which includes also a delicate gal- 
vanometer. Any variation in the length of the rod changes the 
pressure upon the carbon and alters the resistance of the circuit. 
This causes a deflection of the galvanometer needle; a movement 
in one direction denoting expansion of A, while an opposite 
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‘motion signifies contraction. To avoid any deflection which 
might arise from change in strength of battery, the tasimeter 
is inserted in an arm of the Wheatstone bridge, while the 
valvanometer is used in the bridge wire of the same. 

In order to ascertain the exact amount of expansion in deci- 
mals of an inch, the screw S, seen in front of the dial, is turned 
until the deflection previously caused by the change of tempera- 
ture is reproduced. The screw works a second screw, causing 
the rod to ascend or descend, and the exact distance through 
which the rod moves is indicated by the needle N, on the dial. 

The instrument can also be advantageously used to measure 
changes in the humidity of the atmosphere. In this case the 
strip of vulcanite is replaced by one of gelatine, which changes 
its volume by absorbing moisture. The delicacy of the appa- 
ratus to heat is remarkable, and far exceeds that of any other 
apparatus. When adjusted moderately delicate, the heat of the 
hand placed in line with the cone of the tasimeter thirty feet dis- 
tant, causes the spot of light of the galvanometer to leave the 
scale. 


THE AEROPHONE. 


The aerophone, an invention of Mr. Edison’s for amplifying 


sound, has already attracted considerable attention, though as ` 


yet it has not been perfected. 

Its object is to increase the loudness of spoken words without 
impairing the distinctness of the articulation. 

The working of the instrument is as follows: 

The magnified sound proceeds from a large diaphragm, which 
is vibrated by steam or compressed air. The source of power is 
controlled by the motion of a second diaphragm vibrating under 
the influence of the sound to be magnified. 

There are three distinct parts to the instrument: 

A source of power. 

An instrument to control the power. 

A diaphragm vibrating under the influence of the power. 

The first of these is usually compressed air, supplied from a 
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tank. It is necessary that it should be of constant pressure. 
The second, shown in section at fig. 119, consists of a dia- 
phragm and mouth piece like those used in the telephone. A 
hollow cylinder is attached by a rod to the centre of the dia- 
phragm. The cylinder and its chamber E will, therefore, vibrate 
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Fig, 119. 


with the diaphragm. A downward movement lets the chamber 
communicate with the outlet H, an upward movement with the 
outlet G. The compressed air enters at A and fills the chamber, 
which in its normal position has no outlet. Every downward 
vibration of the diaphragm will thus condense the air in the 


Fig. 120. 


pipe C, at the same time allowing the air in B to escape via F. 
An upward movement condenses the airin B, but opens I. 

The third and last part is shown in section in fig. 120. It 
consists of a cylinder and piston, P, like that employed in an 
ordinary engine. The piston rod is attached to the centre of a 
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large diaphragm, D. The pipes C and B are continuations of 
those designated in fig. 34 by the same letters. The pipe C 
communicates with one chamber of the cylinder and B with the 
other. The piston, moving under the influence of the compressed 
air, moves also the diaphragm, its vibrations being in number 
and duration identical with those of the diaphragm in the mouth 
piece. 

The loudness of the sound emitted through the directing tube 
F is dependent on the size of the diaphragm and the power 
which moves it. The former of them is made very large, and 
the latter can be increased to many hundred pounds pressure. 


Fig. 121. 


THE HARMONIC ENGINE. 


This instrument is shown in fig. 121. Mr. Edison claims that 
ninety per cent. of the power derived from the battery is utilized 
through its agency. The chief part of the machine is a tuning 
fork of large dimensions, vibrating about thirty-five times a 
second, and carrying on each arm a weight of thirty-five pounds. 
The amplitude of the vibration is about one eighth of an inch, 
and the vibrations are sustained by means of two very small 
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electro-magnets placed near the end of each arm. These magnets 
are connected in circuit with each other and with a commutator 
worked by one of the arms. 

Small branches extend from the fork arms into a box con- 
taining a miniature pump having two pistons, one attached to 
each arm. Each stroke of the pump raises a very small quan- 
tity of water, but this is compensated for by the rapidity of the 
strokes. Mr. Edison’s proposal is to compress air with the har- 
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monic engine, and use it asa motor for propelling sewing ma- 
chines and other light machinery. It appears to be considerably 
in advance of other electric engines, and through its agency 
electricity may yet become a valuable motive power. 


THE MEGAPHONE, 


One of the most interesting experiments made by Mr. Edison 
in his researches on sound is that of conversing through a 
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Fig. 133. 


THE STETHOSCOPIC MICROPHONE. 163 


distance of one and a half to two miles, with no other apparatus 
than a few paper funnels, These funnels constitute the mega- 
phone, figs. 122 and 123, an instrument wonderful both for its 
simplicity and effectiveness. The two larger funnels are six 
feet eight inches long, and twenty-seven and a half inches in 
diameter at the larger end. They are each provided with a 
flexible ear tube, the end of which is placed in the ear. 

The speaking trumpet in the middle does not differ materially 
from the ordinary ones. It is a little longer and has a larger 
bell mouth. With this instrument conversation has been carried 
on through a distance of one and a half to two miles in an ordi- 
nary tone of voice. A low whisper, uttered without using the 
speaking trumpet, is distinctly audible at a distance of a thou- 
sand feet, and walking through grass and weeds may be heard at 
a much greater distance. 

Mr. Edison is experimenting upon an apparatus for the benefit 
of the deaf. The results thus far have been quite satisfactory, 
and he hopes soon to have a practical apparatus for introduction 
to the public. The principal drawback at present is the large 
size of the apparatus. 


NEW STETHOSCOPIC MICROPHONE. 


By means of this apparatus of MM. Ducretet & Co., of Paris, 
the feeblest pulsations of the heart, pulse and arteries may be 
heard in several telephones placed in circuit. It is a very deli- 
cate instrument, and exquisitely sensitive, and this is its fault, if 
it has any. 

Two tambours, such as devised by M. Mavey, are coupled to 
a microphone (fig. 124); one of these, T, acts, through the medium 
of the india rubber tube which unites them, upon the tambour 
T, and, consequently, on the lever microphone L, the sensitive- 
ness of which can be regulated by the counterpoise P O. The 
microphone terminates in a pencil, C, formed of retort carbon or 
of plumbago, which rests on a disk of the same material fixed on 
the receiving tambour. The whole forms a complete circuit, in 
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which is a Daniell or Leclanché battery of one to three elements, 
and the telephones through which are heard the pulsation from 
the searching tambour T. 

This microphone is susceptible of modification, and will un- 
doubtedly be the means of more extended physiological obser- 
vations. By substituting a small funnel for the tambour T, 
speech may be transmitted. 


an ] 


Fig. 124. 


Mr. Edison, in his telephonic experiments, discovered that the 
vibrations of the vocal organs were capable of producing con- 
siderable dynamic effect. Acting on this hint, he began experi- 
ments on a phonomoter, or instrument for measuring the me- 
chanical force of sound waves produced by the human voice. In 
the course of these experiments he constructed the machine 
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shown in fig. 125, which exhibits the dynamic force of the voice. 
The instrument has a diaphragm and mouth piece similar toa 
phonograph. A spring, which is secured to the bed piece, rests 
on a piece of rubber tubing placed against the diaphragm. This 
spring carries a pawl that acts on a ratchet or roughened wheel 
on the fly wheel shaft. A sound made in the mouth piece 
creates vibrations in the diaphragm, which are sufficient to pro- 
pel the fly wheel with considerable velocity. It requires a sur- 
prising amount of pressure on the fly wheel shaft to stop the 
machine while a continuous sound is made in the mouth piece. 

We have already referred, on page 36 and elsewhere, to the 
later improvements made by Mr. Edison in the carbon tele- 
phone. The subject, however, has by no means been exhausted, 
and we, therefore, return to its reconsideration the more wil- 
lingly now, as the opportunity thus afforded enables us to say 
a few words also in regard to the improved magneto telephones 
which Mr. Phelps constructs for working in connection with the 
carbon transmitter. i 

The continued use of these improved transmitters, in a practi- 
cal way, for a number of months past, has shown them to be the 
best adapted of any of the forms now in use for real effective ` 
service ; and if the necessary use of a battery in connection with 
them 1s, after all, so much of an inconvenience as some would 
imagine, their rapid introduction, in spite of this fact, and to the 
exclusion of other instruments, is sufficient evidence that the 
above mentioned drawback is fully compensated for by corre- 
sponding advantages in other directions. 

On page 36 it has been stated that in the more recent forms 
of the carbon telephone Mr. Edison had done away with the 
vibrating diaphragm altogether, replacing the same by an in- 
flexible plate of metal, whose sole function was to collect and 
concentrate a larger portion of the sonorous waves upon the 
limited carbon surface. 

This form of transmitter is shown in fig. 126 The prepared 
carbon, represented at C, is contained in a hard rubber block, 
open clear through, so that one side of the former is made to 
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rest upon the metallic part of the frame which forms one of the 
connections of the circuit. The opposite side of the carbon is 
covered with a circular piece of platinum foil, P, which leads to 
a binding post insulated from the frame, and forming the other 
connection for placing the instrument in circuit. A glass disk, 
G, upon which is placed a projecting knob, A, of aluminum, is 
glued to the foil; and the diaphragm D, connecting with the 
knob, serves, when spoken against, to communicate the resulting 
pressure to the carbon. A substantial metallic frame surrounds 
the carbon and its connections, and their complete protection 
against injury, to which they are liable from careless handling, 
is thereby secured. 


The same instrument, in perspective, is shown in fig. 127, 
mounted upon a projecting arm with a joint at each end, only 
one of which, however, is shown in the cut. The lower end of 
the arm is secured by means of the joints to a desk shown 
in fig. 128, and thus, as will readily be seen—the motion being 
in a vertical direction — permits of placing the telephone in 
a convenient position for speaking purposes, and, consequently, 
rendering it easily adapted for the accommodation of persons of 
various heights. | 
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| The Edison telephone, it should be distinctly understood, 
relies wholly upon the battery for its power, and not upon the 
voice, as is the case with other telephones. Consequently, it is 
unnecessary to shout into the apparatus, and thus destroy the 
privacy of conversation. All that is required is that the words 
should be spoken distinctly and in an ordinary tone of voice. 
One great drawback to the universal introduction of the tele- 
phone, that has thus far been experienced, is the disturbing 


influence of current pulsations in neighboring conductors when 
the latter are in use, and which produces a rattling noise within 
the telephone. This phenomenon, to which we have before 
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referred, under the head of induction, page 23, and elsewhere, 
is effectually overcome by using the Edison telephone, as the 
power of this instrument is so great that it can be operated with 

perfect success on lines having the greatest amount of inductive 
action, and where no other form could be used. 

Figs. 129 and 130 represent two forms of the magneto tele- 
phone, as devised by Mr. Phelps, which give surprisingly good 
results, both when used singly and in combination with the Edi- 
son transmitter. In shape they somewhat resemble a single and 
double crown, and owing to this fact, have been designated 
respectively single and double crown instruments. 
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The single crown telephone, fig. 129, is composed of the ordi- 
nary diaphragm, electro-magnet, or soft iron pole piece, and 
several steel bars that have previously been rendered permanently 
magnetic. Six (being the usual number) of these permanent 
magnets, bent into a circular form, are used in this instrument in 
place of the single magnet employed in other magneto tele- 
phones. These have their like poles joined to one end of the 
core which carries the magnetizing helix, and radiate from it in 


Fig. 128, 


as many different directions. The opposite poles are joined to 
the periphery of the diaphragm, which is contained in a polished 
case of hard rubber, and faces the free end of the soft iron core. 

The double crown instrument is shown in fig, 180, and, as 
will be seen, consists of two single orown telephones joined 
together, with a common vocalizing chamber between them. The 
coils on each of the cores are connected in such a way that the 
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currents generated in them, when the diaphragms are made 
to vibrate, mutually strengthen each other, or, when used in 
combination with the Edison transmitter, that the action of the 
pulsating current in each coil contributes to a single result, and 
thus enhances the effectiveness of the apparatus. 

Some idea of the performance of these improved instruments 
will be conveyed by mentioning the results obtained at a recent 
exhibition of them in the Sunday school room of Dr. Wells’ 
church, Brooklyn. Mr. Edison’s carbon transmitter was used for 
sending and Mr. Phelps’ single crown telephone for receiving. 


Fig. 129. 


The sound was also reénforced at the receiving end by the use of a 
large paper cone, whose smaller extremity was held to the mouth 
piece of the instrument. The circuit extended from the resi- 
dence of Dr. Wells, near the church, to the lecture room. Speech 
from the telephone was distinctly heard in all parts of the room 
by an audience of about three hundred persons, while the sing- 
ing of a vocal quartette, solo singing, and guitar playing were 
transmitted with surprising clearness and loudness. It should 
be observed, moreover, that the performance in this case was 
very different from the so called musical telephones, by means of 
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which only the pitch and rhythm of the notes are distinguished, 
the tone always resembling that of a penny trumpet. In this 
instance, the quality of the tone, which is the real life of music, 
was exactly reproduced. This is one of the characteristics of the 
magneto telephone — everything is faithfully reproduced. Dr. 
Wells addressed the audience from his parlors through the tele- 
phone, and not only was he clearly understood, but his voice was 
also instantly recognized. 

Fig. 131 shows a convenient way of arranging the telephone 


Fig. 130. 


apparatus for shop, counting room, and various other purposes. 
An Edison carbon telephone jointed to a projecting arm, so as 
to be capable of movement in different directions to suit the 
operator, serves as the transmitter, and the Phelps crown instru- 
ment as the receiver, the call being given by an ordinary tele- 
graph sounder and a key for interrupting the circuit. 

The switch shown at the back serves for putting the telephone 
in and out of circuit. The small induction coil used with the 
apparatus is placed beneath the desk and in a position where it 
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is not liable to damage. When the switch is turned as rep- 
resented in the cut, the apparatus is in the proper condition for 
speaking purposes. When it is turned to the opposite buttons, 
which is its normal position when not in use, the telephones are 
cut out of circuit, the sounder, battery and key alone being then 
included. By depressing the key now, which in the normal 
position keeps the circuits closed through a back contact, the 
battery current is interrupted and the sounder armature released, 


Fig. 131. 


thus furnishing the call, to indicate that telephonic communi- 
cation is desired. 

It will be understood, of course, that the same battery is used 
both for signalling and talking purposes. In the former case the 
battery current traverses the line and produces the signal directly, 
while in the latter it merely passes through the telephone and 
primary wire of the induction coil and the induced currents, 
produced in the secondary coil by the variations of the battery 
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current when the telephone is spoken into, traverses the line and 
produces the articulation heard in the receiver at the distant 
station. This apparatus, mounted as in fig. 131, is much used, 
in fact, almost universally, in the merchants’ exchange system, 
to which we shall refer presently. 
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The form of call here shown, however, is intended only for 
short lines, as the current from the small battery employed would 
not be sufficiently powerful to operate a sounder placed some 
miles away. For long lines the magneto machine is used to 
generate the call currents. The combination shown in fig. 182, 
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and which contains a machine of this kind, is somewhat similar 
in arrangement to the one given on page 27, but of a more 
improved pattern. The call bell and duplex telephone are the 
same, and the principal difference consists only in the arrange- 
ment of circuit connections, within the box, and in the addition 
of the single crown instrument, by which greater effectiveness 1s 
obtained. The switch at the upper right hand side of the box is 
used to put the apparatus in and out of circuit, as desired, while 
that on the left serves for connecting or disconnecting the bell 
magnets. When placed as represented in the figure, the latter is 
in circuit, and will cause the bell to ring both at the home and 
distant stations, if the button marked C is pushed in repeatedly, 
while the crank shown in front, and which operates the magneto 
machine, is turned at the same time. 

Fig. 188 represents the same form of call box, with an Edison 
transmitter attached to replace the duplex instrument in the 
combination just described. The internal connections are the 
same in both, so that it will be unnecessary to describe them 
again. 

Fig. 184 shows acall box, devised by Mr. Gray, and much used 
in the Western States in combination with the bipolar telephone. 

A still later form has been arranged by Mr. Phelps. This 
also contains the magneto call apparatus and switch connec- 
tions of the combinations referred to above, and in addition 
to these it is provided with an ingenious device, first sug- 
gested and applied by Mr. Henry Bentley, of Philadelphia, by 
means of which the carbon telephone, and, consequently, the 
battery also, is cut out of circuit at all times, except when actually 
in use for transmitting purposes. This device consists of a small 
spring placed on top of the handle of the instrument, or at the 
side, as the case may be, and which, in its normal position, keeps 
the telephone circuit disconnected, but immediately establishes 
it whenever the handle is grasped by the hand, being then 
pressed down upon the contact button, and thus allowing the 
battery current to pass through the telephone and primary wire 
of the induction coil. As the result of this arrangement, Mr. 
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Bentley has been enabled to introduce the Leclanché battery for 
speaking purposes in the telephone system, in place of the 
gravity battery heretofore used, and thereby has paved the way 
for greatly reducing the expense of maintenance in larger 
systems, like that of which we intend to speak directly, as the 
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consumption of battery material may be reduced to a minimum 
at the outset and no expense need be incurred for attendance, 
except at very long intervals. Altogether this seems to be the 
most economical and practical combination that has yet been 
brought out, and its very general introduction would appear to 
be all but assured. 


CHAPTER VII. 
THE TALKING PHONOGRAPH. 


THE Talking Phonograph, invented by Mr. Thomas A. Edi- 
son, is a purely mechanical invention, no electricity being used. 
It is, however, somewhat allied to the telephone, for, like the 
latter, its action depends upon the vibratory motions of a metal- 
lic diaphragm, capable of receiving from and transmitting to the 
air sound vibrations, 

The term phonograph, or sound-recorder, includes, besides Mr. 
Edison’s, a large number of instruments, which, though they are 
not able to reproduce sound, are capable of graphically represent- 
Ing it. 

Before treating of these instruments, it might be well to recall 
what has been said in an earlier part of this work on the nature 
of sound. 

Bearing in mind that sound is and has for its origin motion, 
we will see that a vibrating body, situated in an elastic medium 
like our atmosphere, becomes the central source of a peculiar 
form of action, which is ever propagated outward. This is 
known as wave motion, and if the number of vibrations causing 
it be within certain limits, the wave motion becomes perceptible 
to the ear, and is called sound. 

Any change in the original vibrations will cause a change in 
the nature of the sound emitted. Thus, if their amplitude be 
increased, the sound becomes louder, and can be heard at a 
greater distance, or, in other words, intensity is dependent on 
the extent of the vibrations. 

Again, should the number of vibrations in equal portions of 
time be varied, the note will rise or fall in the musical seale; or, 
pitch depends on the number of vibrations occurring in a 
given time. 

A third and, in this connection, more important characteristic 
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of sound is that, while an unchanging fundamental tone is 
emitted, other and more rapid vibrations may accompany it, 
on the same principle that the surface of large ocean waves is 
covered with smaller and independent ripples. It is the accom- 
paniment and predominance of certain of these harmonics, as 
they are called, that gives to a note that peculiar property 
whereby it may be distinguished from another of equal intensity 
and pitch. This characteristic is often called the timbre or color 
of the note, but is known equally well as its quality. 

The human voice is the most perfect of all musical instru- 
ments. Certain parts of its mechanism can at will be thrown 
into vibration, and these vibrations can be varied in amplitude 
and number at pleasure. Associated with the apparatus for 
effecting this, is a hollow cavity, which serves, as does the reso- 
nant chamber of an organ pipe, to reinforce the sound. The 
shape of this cavity may be so varied that it will resound to 
vibrations of any pitch. By means of this latter power we are 
able to produce the vowel sounds. Accompanying the original 
vibrations are others which are multiples of it, and it is by rein- 
forcing one or more of these that the quality of each vowel is 
secured. Thus the forcible expulsion of air from the mouth 
may give rise to articulate speech or sounds, whose shadings and 
degrees of loudness vary with the number and pressure of the 
resulting impulses, and also with the degree of suddenness with 
which they commence and terminate. 

So rapid are the vibrations of a body when emitting a sound, 
that the eye and ear cannot discern all the phenomena which 
accompany them. This has led students of acoustics to devise 
means of representing graphically the movements which the 
sounding body undergoes; and it is through the study of these 
drawings that much of our knowledge cf the nature of sound 
has been obtained. 

One of the simplest ways of producing what we shall here- 
after call the record of a sound is to draw a vibrating tuning 
fork over a sheet of paper, so that a pencil attached to one prong 
of the fork shall leave behind it a waving line, as shown in fig. 
134. 
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With this crude arrangement the energy is wasted in over- 
coming friction, and the fork soon comes to rest. To lessen the 
friction it is usual to employ paper covered with a layer of lamp- 
black. Instead of the pencil is substituted a small pointed bristle, 


Fig. 134. 
the weight of which is so slight that it will not modify the 
motion of the prong. With very little force the black can be 
removed, leaving a white line on a dark ground. 


The use of a revolving cylinder, around which the paper is 
wrapped, early suggested itself, and in the hands of Duhamel the 
apparatus assumed the form shown in fig. 135. The axis upon 
which the drum revolves is a screw, which turns in a fixed nut, 


Fig. 136. 


causing the drum to advance at each revolution through the 
distance between two consecutive turns of the thread, which 1s 
sufficient to prevent one portion of the record from being super- 
placed upon that which precedes it. Fig. 186 shows the paper 
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after it has been removed from the cylinder and spread out. 
The dots, a, b, c, etc., are made by a clock which usually accom- 
panies the apparatus. The distance between them represents the 
duration of one second. The amplitude and peculiar character 
of each vibration are clearly shown, and to ascertain the rate of 
vibration it is only necessary to count the number of undulations 
between two consecutive dots. 

Devices have also been made by Konig, with which the result- 
ant vibrations arising from two or more notes emitted simulta- 
neously may be recorded directly from the vibrating bodies, 

The phonograph invented by M. Léon Scott does not require 
that tracing shall be made at the place where the sound origin- 
ates, but wherever it can be heard. It consists of a hollow 
chamber, made sufficiently large to respond to sounds of the 
lowest audible pitch, mounted before a cylinder, similar to that 
shown in fig. 135. One end of this resonator is left open, and the 
other is terminated by a ring, on which is fixed an elastic mem- 
brane. The air within the resonator is easily thrown into vibra- 
tion, which is shared by the membrane. The latter carries a 
stylus, which also participates in the motion, and records it upon 
the blackened paper. The human voice, the tones from musical 
instruments, and even the rumbling of distant thunder are thus 
graphically presented on paper. 

For recording vocal impulses one of the most sensitive instru- 
ments is the logograph, invented by W. H Barlow, F. R. S. 

The pressure of the air in speaking is directed against a 
membrane, which vibrates and carries with it a delicate marker, 
which traces a line on a travelling mbbon. The excursions 
of the tracer are great or small from the base line which 
represents the quiet membrane, according to the force of the 
impulse, and are prolonged according to the duration of the 
pressure, different articulate sounds varying greatly in length 
as well as in intensity; another great difference in them also 
consists in the relative abruptness of the rising and falling inflec- 
tions, which makes curves of various shapes. The smoothness, 
or ruggedness of a sound has thus its own graphic character, 
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independent both of its actual intensity and its length. The 
logograph consists of a small speaking trumpet, having an ordi- 
nary mouth-piece connected to a tube, the other end of which is 
widened out and covered with a thin membrane of gold beater’s 
skin or gutta percha, A spring presses slightly against the 
membrane, and has a light arm of aluminium, which carries the 
marker, consisting of a small sable brush inserted in a glass 
tube containing a colored liquid. An endless strip of paper is 
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caused to travel beneath the pencil, and is marked with an 
irregular curved line, the elevations and depressions of which 
correspond to the force, duration and other characteristics of the 
vocal impulses. The lines thus traced exhibit remarkable uni- 
formity when the same phrases are successively pronounced. 
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Fig. 187 shows curves obtained by the interposition of a light 
lever between the membrane and the smoked glass, which is 
drawn along beneath the style, whose excursions are much mag- 
nified by the lever. The curves show respectively the tongue 
trill or German r prolonged, the mark produced by the sound of 
a trombone, and by the sound of oo in mood. 

Fig. 188 shows a tracing from the utterance of the word 
incomprehensibility, with different degrees of effort. It will be 
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noticed that while a certain variation occurs, due to the energy, 
each sound preserves a specific character. 

Fig. 139 shows in the upper portion the effect of words of 
quantity which require a large volume of air, and are maintained 
a relatively longer time than the more explosive or intense kind. 

The lower diagram.is what the tracer wrote when the familiar 
stanza from Hohenlinden was repeated. 

A much more delicate instrument for recording sonorous 
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. By torch and trumpet fast arrayed, 


Each horeeman drew his battle blade; 
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And furious every charger neighed, 


To join the dreadful revelry. 
Fig. 139. 


vibrations has been made by using the membrana tympani of the 
human ear as a logograph. This is represented in fig. 140. 

The stapes was removed, and a short stylus of hay substituted, 
of about the same weight, so as to increase the amplitude of the 
vibrations and afford means of obtaining tracings upon smoked 
glass, as in the logograph experiments. The membrane is kept 
moist by a mixture of glycerine and water, and the specimen 
attached to a perpendicular bar sliding in an upright post, and 
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moved by a ratchet wheel. To the upright is attached, horizon- 
tally, a metallic stage six inches in length, upon which slides a 
carriage with a glass plate, and having a regular movement given 
to it by wheel and cord. A bell shaped mouth-piece is inserted 
in the external auditory meatus and luted in position. 

The vibrations of the membrane, due to a musical tone sounded 
in the bell, may be observed by means of a ray of light thrown 


Fig. 140. 


upon small specula of foil attached to the malleus, incus, or to 
different portions of the membrana tympani, or may be recorded 
on smoked glass by a stylus fastened to the descending process 
of the malleus or incus by means of glue, in a line with the long 
axis of the process, and extending downward, so as to reach the 
plate of smoked glass, which is moved at a right angle to the 
excursion of the stylus; the latter then traces a wave line cor- 
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responding to the character and pitch of the musical tone 
sounded into the ear. 

As the glass plates present plane surfaces, and as the point of 
the vibrating style sweeps through the segment of a circle, the 
curves obtained are apt to be discontinuous, especially when the 
amplitude is great. To obviate this difficulty a sheet of glass is 
employed, having a curved surface, the concavity being presented 
to the stylus. The shect of glass is a section of a cylinder whose 
semi-diameter is equivalent to the length of the style. In this 
way the point of the stylus never leaves the surface of the glass, 
and the curve resulting from its vibration is continuous. The 
carbon film is preserved by pouring collodion upon it. As soon 
as this is dry, the film may be floated off with water, and placed 
upon a plane sheet of glass, or upon paper, and varnished in the 
ordinary way. 

Numerous other methods of rendering sound-vibrations visible 
to the eye might be cited. In general these methods are of two 
kinds. They either aim at producing a lasting record on paper, 
glass, etc., which may be preserved and examined at leisure, or 
they present to the eye in a vivid way the sound vibrations as 
they are actually transpiring. Of the latter class, one devised by 
König deserves a passing notice. A hollow chamber is divided 
by a thin membrane of caoutchouc into two compartments: one 
of which communicates through a tube to the mouth-piece, in 
front of which the sounds are generated; the other is supplied 
from a pipe with ordinary coal gas, which issues from the com- 
partment through a fine burner, where it is ignited. Any motion 
of the diaphragm will change the pressure on the gas, and either 
lengthen or shorten the jet. The movements of the flame when 
viewed directly are scarcely perceptible. To render them dis- 
tinct, they are received on a four-sided mirror, which is made to 
revolve. The image of the flame is thus lengthened out into a 
luminous band. When the membrane vibrates, the upper edge 
of the band becomes serrated, each elevation being due to one 
sound-vibration. 

The instruments thus fur described, while able to produce 
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records undoubtedly correct, could go no farther. The records 
thus made suggested no way of reproducing the sound. Nor 
was this effected until Mr. Edison produced his wonderful talk- 
ing phonograph. 

In its simplest form the talking phonograph consists of a 
mounted diaphragm (fig. 141), so arranged as to operate a small 
steel stylus placed just below and opposite its centre, and a brass 
cylinder, six or more inches long by three or four in diameter, 
which is mounted on a horizontal axis, extending, each way, 
beyond its ends for a distance about equal to its own length. 

A spiral groove is cut in the circumference of the cylinder 
from one end to the other, each spire of the groove being sepa- 
rated from its neighbor by about one tenth of an inch. The 


Fy. 141. 


shaft, or axis, is also cut by a screw thread corresponding to the 
spiral groove of the cylinder, and works in screw bearings; con- 
sequently, when the cylinder is caused to revolve by means of a 
crank that is fitted to the axis for the purpose, it receives a for- 
ward or backward movement of about one tenth of an inch for 
every turn of the same—the direction, of course, depending upon 
the way the crank is turned. The diaphragm is supported by an 
upright casting capable of adjustment (fig. 142), and so arranged 
that it may be removed altogether when necessary ; when in use, 
however, it is clamped in a fixed position above or in front of the 
cylinder, thus bringing the stylus always opposite the groove as 
the cylinder is turned. A small flat spring attached to the casting 
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extends underneath the diaphragm as far as its centre, and car- 
ries the stylus ; and between the diaphragm and’ spring a small 
piece of india rubber is placed to modify the action, it having 
been found that better results are obtained by this means than 
when the stylus is rigidly attached to the diaphragm itself. The 
action of the apparatus will now be readily understood from 
what follows. The cylinder is first very smoothly covered with 
tinfoil, and the diaphragm securely fastened in place by clamp- 
ing its support to the base of the instrument. When this has 
been properly done, the stylus should lightly press against that 
part of the foil over the groove. The crank is now turned, 
while, at the same time, some one speaks into the mouth-piece of 


Fig. 142. 


the instrument, which will cause the diaphragm to vibrate; and, 
as the vibrations of the latter correspond with the movements of 
the air producing them, the soft and yielding foil will become 
marked along the line of the groove by a series of indentations 
of different depths, varying with the amplitude of the vibrations 
of the diaphragm; or, in other words, with the inflections or 
modulations of the speaker's voice. These inflections may, there- 
fore, be looked upon as a sort of visible speech, which, in fact, 
they really are. If now the diaphragm is removed by loosening 
the clamp, and the cylinder then turned back to the starting 
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point, we have only to replace the diaphragm and turn in the 
same direction as at first to hear repeated all that has been 
spoken into the mouth-piece of the apparatus, the stylus, by this 
means, being caused to traverse its former path; and, conse- 
quently, rising and falling with the depressions in the foil, its 
motion is communicated to the diaphragm, and thence through 
the intervening air to the ear, where the sensation of sound is 
produced. 

As the faithful reproduction of a sound is, in reality, nothing 
more than a reproduction of similar acoustic vibrations in a given 
time, it at once becomes evident that the cylinder should be 
made to revolve with absolute uniformity at all times, otherwise 
a difference, more or less marked, between the original sound 
and the reproduction will become manifest. To secure this uni- 
formity of motion, and produce a practically working machine 
for automatically recording speeches, vocal and instrumental 
music, and perfectly reproducing the same, the inventor has 
devised an apparatus in which a plate replaces the cylinder. 
This plate, which is ten inches in diameter, has a volute spiral 
groove cut in its surface, on both sides, from its centre to within 
one inch of its outer edge. An arm, guided by the spiral upon 
the under side of the plate, carnes a diaphragm and mouth-piece 
at its extreme end. If the arm be placed near the centre of the 
vlate, and the latter rotated, the motion will cause the arm to 
follow the spiral outward to the edge A spring and train of 
wheel-work regulated by a friction-governor, serves to give uni- 
form motion to the plate. The sheet upon which the record is 
made is of tinfoil This is fastened to a paper frame, made by 
cutting a nine-inch disk from a square piece of paper of the same 
dimensions as the plate. Four pins upon the plate pass through 
corresponding eyelet-holes punched in the four corners of the 
paper when the latter is laid upon it, and thus secure accurate re- 
gistration, while a clamping-frame hinged to the plate fastens the 
foil and its paper frame securely to the latter. The mechanism 
is so arranged that the plate may be started and stopped in- 
stantly, or its motion reversed at will, thus giving the greatest 
convenience to both speaker and copyist. 
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Mr. Edison has found that the clearness of the instrument's 
articulation depends considerably upon the size and shape of the 
opening in the mouth-piece. When words are spoken against 
the whole diaphragm, the hissing sounds, as in shall, fleece, ete., 
are lost. These sounds are rendered clearly when the hole is 
small and provided with sharp edges, or when made in the form 
of a slot surrounded by artificial teeth. 

Beside tinfoil other metals have been used. Impressions have 
been made upon sheets of copper, and even upon soft iron. 
With the copper foil the instrument spoke with sufficient force 
to be heard at a distance of two hundred and seventy-five feet in 
the open air. 

By using a form of pantograph, Prof. A. M. Mayer has ob- 
tained magnified tracings on smoked glass of the record on the 
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foil. The apparatus he used consisted of a delicate lever, on the 
under side of which is a point, made as nearly as possible like 
the point under the thin iron plate in the phonograph. Cemented 
to the end of the longer arm of this lever is a pointed slip of thin 
copper foil, which just touches the vertical surface of a smoked 
glass plate. The point on the short arm of the lever rests in the 
furrow, in which are the depressions and elevations made in the 
foil on the cylinder. Rotating the cylinder with a slow and uni- 
form motion, while the plate of glass is slid along, the point of 
copper foil scrapes the lampblack off the smoked glass plate and 
traces on it the magnified profile of the depressions and eleva- 
tions in the foil on the cylinder. In fig. 143, A represents the 
appearance to the eye of the impressions on the foil, when the 
sound of a in bat is sung against the iron plate of the phono- 
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graph. B is the magnified profile of these impressions on the 
smoked glass obtained as just described. C gives the appear- 
ance of Konig’s flame when the same sound is sung quite close 
to its membrane. It will be seen that the protile of the impres- 
sions made on the phonograph, and the contours of the flames of 
Konig, when vibrated by the same compound sound, bear a close 
resemblance. 

Mr. Mayer finds that the form of the trace obtained from a 
point attached to a membrane vibrating under the intluence of a 
compound sound, depends on the distance of the source of the 
sound from the membrane, and the same compound sound will 
form an infinite number of different traces as the distance of its 
place of origin from the membrane is gradually increased : for, 
as you increase this distance, the waves of the components of the 
compound sound are made to strike on the membrane at differ- 
ent periods of their swings. For example, if the compound 
sound is formed of six harmonics, the removal of the source of 
the sonorous vibrations, from the membrane to a distance equal 
to ł of a wave length of the 1st harmonic, will remove the 2d, 
3d, 4th, 5th and 6th harmonies to distances from the mem- 
brane equal, respectively, to 4, #, 1, 14 and 1$ wave-lengths 
The consequence evidently is, that the resultant wave-form is 
entirely changed by this motion of the source of the sound, 
though the sonorous sensation of the compound sound remains 
unchanged, This is readily proved experimentally by sending 
a constant compound sound into the cone of Konig’s apparatus, 
while we gradually lengthen the tube between the mouth-piece 
and the membrane. 

The articulation and quality of the phonograph, although 
not yet perfect, is full as good as the telephone was six months 
ago. The instrument, when perfected and moved by clock 
work, will undoubtedly reproduce every condition of the human 
voice, including the whole world of expression in speech and 
song. The sheet of tinfoil or other plastic material receiving the 
impressions of sound will be stereotyped or electrotyped, so as to 
be multiplied and made durable; or the cylinder will be made of 
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a material plastic when used, and hardening afterward. Thin 
shects of papier-maché, or of various substances which soften by 
heat, would be of this character. Having provided thus for the 
durability of the phonograph plate, it will be very easy to make it 
separable from the cylinder producing it, and attachable to a cor- 
responding cylinder anywhere and at any time. There will doubt- 
less be a standard of diameter and pitch of screw for phonograph 
cylinders. Friends at a distance will then send to each other 
phonograph letters, which will talk at any time in the friend’s 
voice when put upon the instrument. How startling, also, it 
will be to reproduce and hear at pleasure the voice of the dead! 
All of these things are to be common, every-day experiences 
within a few years. It will be possible a generation hence to 
take a file of phonograph letters, spoken at different ages by the 
same person, and hear the early prattle, the changing voice, the 
manly tones, and also the varying manner and moods of the 
speaker—so expressive of character—from childhood up! 

These are some of the private applications. For public uses, 
we shall have galleries where phonograph sheets will be pre- 
served as photographs and books now are. The utterances of 
great speakers and singers will there be kept for a thousand 
years. In these galleries spoken languages will be preserved 
from century to century with all peculiarities of pronunciation, 
dialect or brogue. As we go now to see the stereopticon, we shall 
go to public halls to hear these treasures of speech and song 
brought out and reproduced as loud, or louder, than when first 
spoken or sung by the truly great ones of earth. Certainly, 
within a dozen years, some of the great singers will be induced 
to sing into the ear of the phonograph, and the electrotyped 
cylinders thence obtained will be put into the hand organs of 
the streets, and we shall hear the actual voice of Christine 
Nilsson or Miss Cary ground out at every corner. 

In public exhibitions, also, we shall have reproductions of 
the sounds of nature, and of noises familiar and unfamiliar. 
Nothing will be easier than to catch tle sounds of the waves 
on the beach, the roar of Niagara, the discords of the streets, 
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the noises of animals, the puffing and rush of the railroad train, 
of the rolling thunder, or even the tumult of a battle. 

When popular airs are sung into the phonograph and the 
notes are then reproduced in reverse order, very curious and 
beautiful musical effects are oftentimes produced, having no ap- 
parent resemblance to those contained in their originals. The 
instrument may thus be used as a sort of musical kaleidoscope, 
by means of which an infinite variety of new combinations may 
be produced from the musical compositions now in existence. 

The talking phonograph will doubtless be applied to bell. 
punches, clocks, complaint boxes in public conveyances, and to 
toys of all kinds. It will supersede the shorthand writer in 
taking letters by dictation, and in the taking of testimony before 
referees. Phonographic letters will be sent by mail, the foil be- 
ing wound on paper cylinders of the size of a finger. It will re- 
cite poems in the voice of the author, and reproduce the speeches 
of celebrated orators. Dramas will be produced in which all 
the parts will be “ well spoken—with good accent and good dis- 
cretion ;” the original matrice being prepared on one machine 
provided with a rubber tube having several mouth-pieces: and 
Madame Tussaud’s figures will hereafter talk, as well as look, 
like their great prototypes t 


CHAPTER VIII. 


THE TELEPHONE EXCHANGE, 


A marked impetus was given to the already widely extended 
and continually increasing application of the telephone to busi- 
ness and domestic purposes, by the establishment of the Tele- 
phone Exchange—a system of telephone correspondence carried 
on through a central office, by means of wires radiating from it 
to the houses, offices, counting rooms, etc., of the subscribers to 
the exchange, a separate wire, as a general thing, being used for 
each subscriber, who is also provided with a list of all the other 
subscribers to the system, and when, at any time, desiring to 
communicate with any one of them, has merely to notify the 
central office, and the two corresponding wires are immediately 
connected, and direct correspondence is established. Attend- 
ants, sufficiently numerous, are kept on duty at the central office 
to attend to the switching, and to keep everything in proper 
working condition. 

The central offices are equipped with switch boards similar in 
construction and operation to those employed in telegraph of- 
fices In the beginning, simple devices answered the require- 
ments of the service, but, in the larger cities, as the number of 
subscribers increased, these simple devices became inadequate, 
and new and more complicated ones had to be devised. The vari- 
ous exchanges were owned and managed by distinct organiza- 
tions, and each one sought to solve the problem of providing a 
perfect exchange system in his own way, and, as a natural con- 
sequence, when the telephone exchanges in this country alone 
had increased to upward of seven hundred, the number of dis- 
tinct types had become very large. 

We propose to describe each of the distinctive varieties which 
the evolution of the system has thus far produced, in order to 
facilitate the creation and adoption of a thoroughly practical 
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and perfect system. In doing this, we shall make no attempt 
to describe the various types by the order of their invention or 
efficiency, but so far as practicable, by their distinctive character- 
istics. We shall begin by describing the past and present tele- 
phone systems of Paris. 


THE GOWER SYSTEM. 


In 1880 there were two telephone companies in Paris, one 
using the Gower telephone, the other the Edison. A third 
company introduced the Blake transmitter, but was soon con- 


Fig. 144. Fig. 145. Fig. 146. 


solidated with the Gower Company, who were the first to 
introduce telephonic communication in Paris. The Gower tele- 
phone, of which an exterior view and sections are shown in 
Figs. 144, 145 and 146 of the annexed engravings, requires no 
battery, as the currents for transmission of sound are generated 
by the instrument, and it is provided with a peculiarly arranged 
magnet, by means of which a sound resembling that of a trum- 
pet can be produced for signaling. Each subscriber was pro- 
vided with a telephone connected with the main central office 
by means of an insulated wire, which was laid underground. 
A great difficulty was experienced in insulating the wires suff- 
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ciently to avoid the effects of induction. When several wires 
ran in the same direction they were united in a cable, and the 
covering of the wires was of different colors, so that a wire could 
be traced very readily in case of accidents, At the central office 
the cable was separated, and each wire was conducted to its 
special office connection. To better explain the operation of 
this telephone system, we will describe it in action. Each sub- 


Fig. 147. Fig. 148. 


scriber is known by a certain number. Assuming that No. 5 
desires to communicate with another subscriber, he gives the 
signal by blowing into the tube of his telephone. 

The Gower Company, desiring to maintain the simplicity of 
the instrument, adopted a signaling device invented by Mr. 
Ader. It is illustrated in Figs. 147 and 148. A is the magnet 
of a telephone, and the subscriber's wire communicates with the 
bobbins, B B. R is the vibratory tongue, fixed at its lower 
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end. The signal consists of a white disk with the word ‘ An- 
swer’ printed on it, and it may also bear the number of the 
corresponding subscriber. This disk is attached to a pivoted 
lever, which can be locked in an inclined position, so as to keep 
the disk out of sight by means of a rod attached to it and ter- 
minating in a triangular stud, which passes into a slot in the 
upper end of the vibratory tongue, R. The signal disk will 
drop until its lever arm is perpendicular, when released by the 
vibration of the tongue, R, and it will then be visible through 
an opening in the box of the apparatus, When the sound signal 
is given the plate, R, vibrates, and at each vibration the trian- 
gular stud, C, will slip out of the slot in the plate a very short 
distance and finally leave it altogether when the disk shows. 
Thesound signal is required to operate this visible signal, as the 
vibrations produced by the ordinary speaking are not powerful 
enough to operate this mechanism. 


A call bell is sometimes arranged so as to sound when the 
disk drops, and it is of great service in case the switchman is 
not at his post, as it calls attention to the fact that he is wanted. 
Generally, six signaling devices are arranged in one box, as 
shown in Fig. 149, and the signal box with the call bell is 
arranged above the switch, as shown in Fig, 150. 

The subscribers’ wires are arranged in groups of about thirty, 
those persons communicating with each other very frequently 
being united in one group. Each switchman has charge of a 
signal box and switch, represented in Fig. 150, which shows 
only ten subscribers, whereas there are twenty to thirty or more 
in each division, as before stated. A box containing the Ader 
signals is represented in the upper part of the cut, the white 
circles, with the numerals above them, representing the small 
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windows or openings through which the disks can be seen when 
they have dropped. The call bell, which can be brought into 
action when required by means of a commutator, I, is mounted | 
on the top of the signal box. The plug switch, which is ar- 
ranged below the signal box, consists of a series of vertical bars 
of metal, one for each subscriber, and a series of horizontal bars 
of metal arranged behind the vertical bars in such a manner 
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Fig. 150. 


that the two series do not touch each other, but are perforated 
at the crossings, so that a communication between a vertical and 
a horizontal bar can be established by passing a plug through 
the said perforations at the intersection of the bars. Each ver- 
tical bar is provided with a pin, and in Fig. 150 all the pins are 
represented as connecting the vertical bars with the lowest hori- 
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zontal bar connected with a ground wire. Supposing the sub- 
scriber to have given his signal, and thus notified the switchman 
that he desires to communicate with another subscriber, the 
switchman takes the plug from the transverse bar and places it 
into the aperture at the crossing of the bar, No. 5, with the 
second horizontal bar, and he is now in communication with 
No. 5, and asks him with whom he desires to communicate. No. 
5 replics that he desires to be connected with No. 9. The em- 
ployé then resets the signal of No. 5, and connects No. 9 with 
the second bar by means of the plug in the manner described, 
and is thus in communication with No. 9, and gives the signal, 
which may be a simple sound signal, the Ader visible signal, 
or the call bell, as the subscriber may have arranged it at his 
house or office. No. 9 is then notified that No. 5 wishes to 
communicate with him, and No. 6 is notified that No. 9 is ready; 
the pins of the vertical bars, Nos. 5 and 9, having been placed 
above one and the same transverse bar, for instance, A, Nos. 5 
and 9 are connected, and can converse with each other with 
complete privacy. | 
It must be stated that the disks of 5 and 9 have been raised, 
and as soon as their conversation is over, Nos. 5 and 9 blow into 
the tubes of their telephones, thus notifying the switchman, who 
places the two plugs back in the bar connected with the ground 
wire. But if Nos. 3 and 7 wish to communicate at the same 
time that 5 and 9 are in communication, the pins belonging to 
3 and 7 must be passed into the apertures at the intersection of 
the vertical bars, 8 and 7, with the second transverse bar, B, 
and in like manner, the next two subscribers are connected 
by means of the bar, C, and so on. These connections, however, 
only relate to subscribers of one and the same group or division. 
If the subscribers belong to separate divisions the connections 
are a little more complicated. If, for instance, No. 5 notifies 
the switchman that he desires to converse with No. 83, who is 
not in his group, which may be designated by A, and comprises 
the subscribers from 1 to 30, but probably will be found in 
group C, comprising the subscribers from 60 to 90, the switch- 
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man passes the pin of No. 5 through one of a number of hori- 
zontal bars located between the bar, D, and the second bar, not 
shown in drawings, and then writes on a slip of paper: “ The 
subscriber 5, group A, line 6 (for example), desires to be con- 
nected with No. 83, group C,” and sends this slip to the group 
C. The switchman in charge of this group notifies No. 83, 
and then connects him with the line 6. He then sends the slip 
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to the employé in charge of the grand commutator, where the 
groups A and C are connected in the line 6, thus permitting 
No. 5 to cónverse with 83. As soon as they have completed 
their conversation they give the signals, and all the pins are 
replaced into their former position. 

Figure 151 gives an exact representation of the central station 
as it existed in 1880, showing the cases of each group arranged 
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along the wall, and the grand commutator which connects 50 
lines in the rear. 

This system requires no batteries either for calling or trans- 
mitting. There were in 1880 one hundred subscribers connected 
in Paris, and five hundred applications had been received. 

In 1881 the two telephone companies in Paris were united, 
when a new exchange system was adopted. 


THE LARTIGUE-—BROWN SYSTEM. 


The Central Telephone System in Paris, established by La 
Société Générale des Téléphones, is one of the most complete and 
practically perfect telephone exchange systems in the world. 
For the details of this establishment we are indebted to Mr. R. 
G. Brown, electrical engineer of the company, and to Mr. A 
L. Ternant, who has recently published an exceedingly interest- 
ing and exhaustive account of it in the Journal Télégraphique, 
the oflicial publication of the Bureau International des Adminis- 
trations Téléqraphique. 

The central oflice is situated at No. 27 Avenue de l'Opera 
The arrangements of the office, including the establishment of the 
great rosettes, Fig. 152, to which all the wires from every quarter 
converge, to expand anew to the indicating boards and the con- 
necting apparatus (and which it was necessary, so to speak, to 
wholly create in every part, and of which the elements have been 
constructed in the workshops of the company), constitute by 
their uniformity, a system of organization absolutely new, and — 
of which the Société Générale des Téléphones has secured the owner- 
ship by patents in all the principal countries in Europe. 

' This system, which has been highly commended by the tele- 
phone engineers of the entire world, not excepting those of our 
own country, the birthplace, not only of the telephone, but of 
the telephone exchange as well, is due to the combined efforts 
of Mr. Lartigue, director; Mr. R. G. Brown, electrical engineer, 
in charge of the working service; Mr. Berthon, engineer of the 
technical service; and of Mr. Gilquin, foreman of the company’s 
factory. The central office exchange, which forms the basis of 
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the establishment of the Paris system, is of American origin, 
having been introduced by General Marshall Lefferts, President 
of the Gold and Stock Telegraph Company, in the City of New 
York, in 1879, in connection with the printing telegraph instru- 
ments, 

London has since had its “ Telegraph Exchange” (copied after 
its New York originator, from whom it procured its first instru- 
ments), a system of private telegraph communications, distribut- 
ing from a central office to the houses or offices of its subscribers, 
arranged in groups of five or six upon each wire, the quotations 
of the stock and produce markets, and other information of a 
similar character. The stock and market report telegraph, 
established in Paris in 1872, was also based upon this system ; 
but it was reserved to the telephone to perfect it and make it 
practically useful for all purposes, not only of business, but of a 
domestic character. America not only preceded Europe in the 
establishment of the telephone exchange—the first telephone 
exchange having been established in Boston, in 1877—but in 
the application of new combinations, many of which have been 
adopted in the establishment of the Central Telephone Office in 
Paris; besides which, it should be remarked, that a great many 
of the recently invented apparatus in use there are due to Mr. 
R. G. Brown, a young and intelligent American engineer 
attached to the company. 

As we have said, the function of the central office is to serve 
as an intermediary between the subscribers, by means of wires 
radiating to them. In order to accomplish this, it is necessary 
that the subscriber who desires to talk with another shall be able 
to give to the central office a tangible sign of his desire, and that 
the communication may be established in such a manner that 
the termination of the conversation may be similarly signaled 
to the central office by the subscribers. 

All of these conditions, as well as many others besides, are 
fulfilled by the central office in Paris. Before describing the 
apparatus which it contains, we must say a word of the central 
office and of the favorable position which it occupies in the very 
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heart of the capital. In the rear of a store room, serving as a 
sales room of apparatus, and also as that of a waiting room, is a 
long gallery, divided longitudinally by a double partition, form- 
ing two offices. A space of about a yard in width between the 
partitions is utilized by the inspector of communications, who 
enters through a panel in front (figure 153). 

Let us see, first, by descending into the basement, how the 
subscribers are connected with this office. The wires which 
arrive at the central office are enclosed in cables manufactured at 
the works of Besons, which formerly belonged to M. Rattier. 
This manufactory has been united with the new Société Générale 
des Téléphones et de Constructions Electriques, with a capital of 
$5,000,000, for the purpose, so to speak, of monopolizing the 
manufacture of these cables. These telephone cables are placed 
in the city sewers, under the care of the technical service of the 
administration of the state telegraphs, The technical service 
of the Société des Téléphones furnishes to the state a plan of the 
sewers, which the cables must follow, with the indication of their 
location. These cables are suspended by hooks fastened into 
the stones of the sewer vaults. 

Each of the wires contained in the cable is formed of a copper 
conductor consisting of three strands, covered with a layer of 
gutta-percha, and afterward by an envelope of colored cotton. 
Each cable contains fourteen conductors thus composed. They 
are formed into a rope, covered first by strong linen tape, and 
then by a sheath of lead. The wires are of various colors, to 
the number of seven, each pair of wires of the same color serv- 
ing for a single subscriber. These colors are white, blue, yellow, 
maroon, black, red and green. Each cable is numbered through- 
out its entire length, and it is thus easy to find the wire when it 
ig necessary to make repairs, as well as to change communica- 
tion. 

The telephone company generally lay a new cable only after 
having grouped seven subscribers in the same neighborhood. 
In the meantime, new subscribers are served by temporary cables 
of two conductors. 
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These cables are afterward replaced, as soon as it has been 
possible to group seven subscribers in the same cable of fourteen 
wires. The branches to houses are made by means of small 
special cables of two wires, bound to the principal cables by 
means of a ligature upon a lead cover. The positions of wires 
not utilized remain unconnected in the cable of fourteen con- 
ductors. Figure 154 shows how the operation of entering the 
house of a subscriber is accomplished. 

The following is the mode adopted for connecting the houses 
or offices of the subscribers with the cables in the sewers : 

First.—In case they have one or two subscribers only in a 
block, they run a cable of two wires from the nearest central 
office direct to each. This is very rarely done nowadays. 

Second.—In case they have, for instance, three hundred or 
four hundred subscribers waiting for lines, they select seven of 


WIRES 


Fig. 154. 


these subscribers who are next door neighbors, and run a cable 
of fourteen wires direct from the central office to the front of 
their house. Here they branch off the fourteen wires, by using 
the little cables of two conductors, and run one of these little 
cables to each of the subscribers. 

Third.—This little cable stops at the window of the room 
where the telephone apparatus is to be placed; the apparatus is 
connected with the little cable in the American manner—that is, 
with wooden supports and insulated office wire. 

Fourth—Every house in Paris has what is known as its par- 
ticular sewer. This is simply an archway made under the side- 
walk, and commences at the side of the house itself and stops at 
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the main sewer. All sewers in Paris, except the main collect- 
ors, are under the sidewalks near the curb. The collectors are 
under the roadway ; but they are, in fact, small rivers, into 
which all the main sewers empty. 

Fifth.—To get the little cable from the particular sewer to 
the outside, they would simply make a hole close to the side of 
the house, and directly over the roof of the particular sewer, 
through the sidewalk, and into this sewer. In this hole they 
insert a perpendicular gas pipe, which projects six or seven feet 
out of the hole, and through this gas pipe they run the little 
cable. 

It sometimes happens that they age to reach a subscriber who 
has no sewer in his street. In that case they run the little cable 
up the side of a house, after getting as near it by way of the 
sewers as possible, and from the top of this house they build an 
air line to the subscriber's house, by attaching fixtures to the 
roofs, asin America. This, however, very rarely occurs, 

The double wire system is exclusively employed in Paris. 
The single wire system, with a return, by the earth, is employed 
in provincial towns, but it gives less satisfactory results. 

The cables which connect with the central office enter by a 
short branch from the principal sewer arriving upon a level with 
the basement of the central office. A plate of copper, fastened 
to the wall by means of bolts, is pierced by a sufficient number 
of holes to permit of the admission of the cables into the estab- 
lishment. 250 cables, furnishing 1750 circuits, are thus brought 
into the basement of the central office. These cables are car- 
ried upward and downward to the back of a switch board, sim- 
ilar to that in the Central Telegraph Office, rue de Grenelle St. 
Germain. This switch board, or system of commutators in the 
form of a rosette, has frequently been described by Mr. Berthon. 
These rosettes (Fig. 152) are about three yards in height, and 
have an interior space of about one and a half yards in diameter. 
There are seven of them in the basement of the Central Telephone 
Office, forming two groups, one of three and the other of four, and 
arranged in a rectangle, with doors in front, permitting of access 
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to the interior as well as to the exterior. The cables attached 
to the interior are arranged in equal numbers above and below. 
The fourteen conductors, which are long enough to reach to the 
exterior circumference of the rosette, are carried upon the an- 
terior surface, where they can be concentrated in perfect order. 
Each pair of wires, corresponding to the circuit of a subscriber, 
is connected with screws to a small commutator, consisting of 
two copper bars, insulated from each other by a piece of ebonite. 
Each cable supplies seven of these circuits, forming a section of 
the rosette. Figure 155 represents one of these sections. Each 
rosette can altogether accommodate thirty-four, corresponding to 
two hundred and thirty-eight subscribers) The small commuta- 
tors are attached at the other end to some insulated wires, cov- 
ered with cotton and saturated with paraffine, which are (by the 
interior circumference of the rosette) directly connected to the 
commutators called jack knives, situated in the panels of the 
central office. Each cable carries the indication of its number, 
engraved upon an ivory counter. Each pair of wires bears a 
similar indication of the address of the subscriber, and a num- 
ber corresponding to this indication is attached to the two ex- 
tremities of the interior wires connecting by the jack knife with 
the indicator of this subscriber. . 
The double wire system has been adopted by the Société Gén- 
érale upon the special recommendation of Mr..R. G. Brown, and 
they were obliged accordingly to modify the ordinary jack 
knife switch, which was brought from America’ This new 
commutator being formed, so to speak, from two simple jack 
knife switches placed side by side, it is necessary that we should 
first describe the simple jack knife switch, which is still em- 
ployed upon all the provincial systems where they employ the 
single wire system. Like the Swiss commutator, the jack knife 
switch is a commutator of double entry, but it permits of other 
combinations, It iscomposed of a piece of copper (fig. 156) of 
rectangular form, and is attached to the panel by two nut screws. 
The first screw, L, is terminated by a bolt which serves, at the 


of four, ary’ same time, to fasten the jack knife switch to the panel, and as 
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a conductor between the subscriber’s wire, which is attached to 
it, and the metallic mass of the commutator. The second nut 
screw, I, is put in communication with the wire of the indicator 
of which the other extremity is connected to the earth. Still 
further, this bolt is insulated from the mass of metal of the jack 
knife switch, and is also provided with a small gudgeon of 
metal, projecting toward the superior part, but with which it is 
not metallically connected. This gudgeon communicates with 
the extremity of a rigid spring, R, R, fastened at one end by a 
screw to the metallic mass of the jack knife switch. This 
spring is itself put in play by a small brass pin, which is at- 
tached to it, and penetrates into the orifice 2 of our figure, and 
of which we shall presently see the action. In the position in- 


dicated by figure 156, the jack knife switch is in waiting, ready 
for service. The line communicates with the indicator. If the 
subscriber calls and sends the current from his battery, the indi- 
cator falls, a bell, placed in the local circuit of this indicator, is 
set ringing, and the central office is “ called ;” that is, apprized 
that the subscriber- wishes to communicate with it As you 
perceive, the jack knife switch has two orifices marked 1 and 
2. The operator then pushes in orifice 2 a brass peg attached 
to a flexible metallic cord coming from a telephone. The peg 
raises the pin placed under the spring, R, and immediately 
breaks the contact existing between the mass of the jack knife 
switch and the indicator. That simple introduction of the peg 
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makes consequently two changes; it detaches the indicator from 
the line, and connects the line with the telephone. The opera- 
tor then takes the instructions of the subscriber, who indicates 
the person whom he desires to speak with. In order to estab- 
lish the connection between two jack knife switches (figure 157) 
they make use of a flexible metallic cord, terminated by two 
brass pegs, which they insert in the orifices 1 and 2. If they 
wish to put one of the indicators in derivation (that is to say, to 
let a portion of the current pass to earth through the indicator 
at the central office, while two subscribers are communicating), 
they put the pin corresponding in the orifices number 1, the 
spring is not lifted, and the metallic mass of the jack knife 
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switch, which constitutes a part of the line of correspondence, is 
still connected to the indicator and tothe earth. Experience 
has proved that there is no appreciable difference in the tele- 
phonic reception, whether they suppress all derivation, or put in 
one of 800 ohms resistance. Now the two bobbins of the indi- 
cator form a circuit of which the resistance has about 200 ohms. 
Other combinations are possible with the jack knife switch. 
They can make use of special calling indicators, which may be 
introduced into the circuit of the subscribers who are conversing. 
This operation is made by means of two flexible cords, of which 
one goes to the jack knife switch, A, at the point of entry 


do oo ee ES 


THE LARTIGUE-BROWN SYSTEM. 209 


of the indicator, and the other at the point of exit of this in- 
dicator in the jack knife switch, B. The double jack knife 
switch employed at the central office in Paris gives precisely 
this combination with a single apparatus. Figure 158 shows the 
design seen in front and in perspective. 
~ Thisdouble jack knife switch is the result of the combined 
efforts of Messrs. Lartigue, Brown and Berthon. It is formed 
of two metallic parts, placed back to back, and separated from 
each other by a thin plate of ebonite. The anterior plate is per- 


Fig. 158. 


forated by two orifices, which extend across the ebonite into the 
posterior plate, where they are of a little smaller size. These 
two plates are tightly fastened together by two screws, A and 
B, which extend to the back in order to fasten the jack knife 
switch to the table by means of two bolts, which come out near 
the two borders of the indicator. The screw, A, is completely 
insulated from the metal of the two plates, except at the point, 
C, where a small pin can be seen upon it, insulated from the 
plate, permitting of the establishment of communication at this 
point, C, with the spring, R, of the ordinary jack knife switch. 
The two plates each communicate with one of the wires of the 
double line, and the indicator remains in the circuit of this dou- 
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ble line, so long as the spring maintains the contact between the 
anterior plate and the indicator. But this apparatus will be put 
out of the circuit, as soon as the contact of C and of R shall be 
broken by the introduction of a pin in the orifice, O. The pegs* 
which must be introduced in the orifices, O, and O’, are likewise 
intended for double wires. The part a (figure 159) is very much 


larger than the part b, and these two parts of the peg are care- 
fully insulated from one another by means of the ebonite han- 
dle, c; each of them communicating besides with one of the 
wires contained in the flexible cord, to which the peg is attached. 
These flexible double conductor cords are thus formed: The 
central conductor is a wire continuously wound into a small 
spiral, and covered by a silk netting thick enough to completely 


* The pegs and double conducting cords were designed by Mr. Lartigue. 
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insulate this wire from the second, which is wound in the same 
manner into a spiral, upon it A second netting of floss silk 
covers the whole, forming a very flexible, easily handled, cord. 
The central wire gives passage to the solid part, b, of the double 
pin which it surrounds, and presses upon it in such a manner as 
to form an excellent contact, which is still further assured by be- 
ing soldered to it. The second wire is soldered to the ring of 
the pin, a, and the two parts of the pin are constructed in such 
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a manner as to each produce a good independent contact when 
they are introduced together in the orifices, O, O’, of the jack 
knife switch. When this operation is made, the spring is raised 
and the wire of the indicator corresponding to the insulated 
point, C, is put out of contact. This indicator (Fig. 160) is 
formed of two electro-magnets, E E, of which the helices 
have a combined resistance of about 200 ohms. The move- 
ment of the detent. c, raises the latch of a small shutter, 
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G, which, in falling, uncovers the number corresponding 
with the subscriber who calls. Figure 161 shows the com- 
plete circuit. The jack knife switch being formed of two 
distinct parts, these parts are indicated separately, in order to 
be seen more clearly. We see that if the subscriber pushes 
his call button, the current of his battery goes upon the line, 
traverses the rosette in order to arrive at the anterior plate of 
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Fig. 162. 


the jack knife switch, gains the insulated point by the spring, 
then the indicator, and returns by the point, c, and the posterior 
plate in the second wire of the line, where the circuit is com- 
pleted at the opposite pole of the battery of the subscriber. The 
central office responds to this call by means of the whole appa- 
ratus, of which figure 162 gives the diagram. It is composed of 
a combined telephone, which is connected with a commutator, 
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C, of a special form, designed by Mr. Brown, of a call key (fig- 
ure 168), of an induction coil, and of two series of Leclanché 
battery calls, of which the larger is employed in connection with 
the calling apparatus, and the other is used to engender an in- 
ductive current in the bobbin of the induction coil, These ap- 
paratus are not at all seen in the office; they are arranged at 
the back of the panels. The flexible cord attached to the call 
key, by the two corresponding set screws, extends to the rear of 
the panel, and comes out again upon the front with a peg at its 
extremity. Figure 164 indicates the actual appesrance of the 
whole of these communications in the central office and of the 


Fig. 163. 


indicating boards. Each of the employés (the company employs 
young women exclusively) carries with her her combined tele- 
phone, of which figure 165 indicates the arrangement. This 
apparatus ought always to be kept in a perfect state of cleanli- 
ness and good order. We will suppose that Number 10 calls. 
Immediately the employé pushes at first the piece, D, of four 
contacts of figure 162 in the commutator, C. Figure 166 shows 
the details of this piece, D. In making this change the tele- 
phone transmitter is put in communication with the small bat- 
tery of the inductor and of the primary coil of the induction ma- 
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chine, while the receiver is put in communication, on one side, 
with the contact of the key connected with the double peg of 
thejack knife switch and consequently with the line, and, on the 
other, with the secondary circuit of the induction coil. In push- 
ing, then, the peg into the orifice to the right of the jack knife 
switch, the indicator is put out of the circuit, and the communi- 
cation with the subscriber is established. One or two taps of - 
the key notifies the correspondent that he has been heard, and 
that they will speak with him. The subscriber replies that he 
wishes to communicate with Number 15. The employé re- 
sponds: “ Well, sir,” and, after having removed the peg from 
the call key of the circuit of Number 10, she repeats the pre- 
ceding operation with Number 15, by introducing the peg into 
the orifice to the left of his jack knife switch, rings two or three 
times, and awaits the response of that subscriber, having ob- 
tained which she informs him that Number 10 wants him, and 
then, by means of a flexible junction cord, of which the two ex- 
tremities are terminated by a peg, she establishes the communi- 
cation between the subscribers Numbers 10 and 15, by intro- 
ducing one of the pegs into the orifice at the right of the jack 
knife switch Number 10, and the other peg into the orifice at 
the left of the jack knife switch Number 15. In these condi- 
tions she can speak to each of the subscribers, and put them 
in correspondence. She can then remove from the commuta- 
tor, C, the connection piece attached to her telephone, and then 
devote herself to other occupations. It is proper to remark, 
that the arrangement of the jack knife switch Number 15 leaves 
the indicator of the subscriber corresponding in the derived cir- 
cuit of the two wires over which the communication is being 
held (figure 167). This arrangement will permit the subscribers 
to dely to the very latest moment the announcement that their 
conversation is terminated, by pressing their call button, because 
the indicator remains always in the circuit. This arrangement 
does not weaken the sounds of the telephone, and we shall see, 
further on, that the circuit will even admit of two of these deri- 
vations without affecting the conversation. 
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In order to facilitate the operations, they have given distinct 
colors to the junction cords and to the communication cords. 
The first are green and the others red. In figure 164, there 
will be seen a series of commutators arranged under the shelf 
which runs along the panels. These are of the jack knife 
switches of a special form, and are composed of two metallic 
plates perforated and separated by a thick sheet of ebonite. The 
whole constitutes a sort of Swiss commutator permitting the 
establishment of communications between the subscribers whose 
connecting boards are too distant from each other for the ordin- 
ary junction cords, which are only five feet in length, to reach. 
Figure 168 gives a specimen of communications of the general 
commutator which connect between these series of jack knife 
switches, All the jack knife switches, A, B, C, etc., of 1; A, B, 
©, etc., of 2, are connected by the wires from one end of the 
office to the other in the manner indicated for A and F of 1, and 
for Cand D of 2. So that, in supposing the extreme case where 
subscriber Number 1 of the first group of 50, formed of the 
two first connecting boards, desires to speak to Number 500, 
who is found in the second connecting boards of the tenth 
group, it will be necessary to utilize the general commutator to 
connect them, since the ordinary junction cord is not long 
enough for the purpose. Each group of two connecting 
boards is provided with sixty of the jack knife switches, but 
each of the groups has only aright to employ of the series of 
six corresponding by his row to the number of the group of the 
50 jack knife switches comprised in two connecting boards. * 
Thus, in order to place Number 1 in communication with 
Number 500, we must take an elastic green cord of which 
one extremity will be inserted into the right hand orifice of the 
jack knife switch Number 1 and the other into one of the six 
jack knife switches of the first row, say B; we then insert 
another elastic red cord into the left hand orifice of the jack 


* The even rows of the jack knife switches are painted black, in order to 
facilitate the finding of the commutator desired. 


219 


"691 “buy 


oq 


"S91 ‘Dag 
$ SJ143S g 2 
OF S3/14#IS 


THE LARTIGUE-BROWN SYSTEM. 


pe aay, 
ALA AVA 


J J3 0 9 a FV J 4 0 393 4a YV 
SH/HTS x16 SJIHIS p3 


220 THE TELEPHONE EXCHANGE. 


knife switch Number 500, situated at the other extremity of the 
office, connecting the other peg of this elastic cord with B of the 
first row of the tenth series of the Swiss commutators These 
two commutators being connected, there is evidently a circuit. 
If, on the contrary, the Number 500 has asked for the Number 
1, we have to rejoin the jack knife switch 500 with B of the 
tenth row of the tenth series of the jack knife switch Number 1 
with B of the tenth row of the first series, In this manner it is 
impossible for two employés to utilize together the connections 
of the same row of the Swiss commutators.* 

Besides the central office in the Avenue de l'Opera, Paris pos- 
sesses several other central offices which are connected directly 
together by means of auxiliary cables. Each of these offices 
has one or more communications of these species which 
come directly to a rosette situated at Number 27 Avenue de 
Opera. The junction is made directly between central offices 
upon this rosette. The junctions are made in a permanent 
manner with the central rosette by means of wires saturated with 
paraffine carrying a number of order at its extremities, as indi- 
cated in figure 169. It must be understood that in order to 
establish communication between two subscribers belonging to 
two different central offices, everything takes place as we have 
explained for the principal office, only in this case the indicators 
of the two subscribers remain, at the two extremities, in deriva- 
tion in the metallic circuit of the wires. In this manner the 
current of the battery put into circulation by each of the sub- 
scribers, at the end of the conversation, causes the indicator of 
cach of them to fall, while, during the conversation, these deri- 
vations do not sensibly diminish the force produced by the 
secondary current of the induction coil. 

The apparatus employed in the houses of the subscribers are 
the property of the Société Générale des Téléphones, who likewise 
constructed them. On signing his subscription for the telephone 


* This arrangement and the parts of the communicating apparatus were designed 
by Messrs. Lartigue and Berthon. 
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service, the subscriber chooses his apparatus from the following: 
Ader, Gower, Bell, Crossley, Blake and Edison transformed. 
The Ader telephone is most employed in Paris. It contains a 
microphone with ten crayons, forming twenty points of contact 
arranged en grille (Fig. 170). There is scarcely a dozen of Gower- 
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Bell in use. They consist of a sort of microphonic transmitter of 
Crossley with six crayons radiating from a central piece and 
forming twelve points of contact; the receiver is a Gower placed 
at the further end of a small tube hung upon an iron rest. 
However, they do not find it very satisfactory in Paris, on 
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account of the tube, which brings the sound to the ear and stifles 
it The Crossley is also much employed; but the system of 
apparatus of Mr. Ader being preferred by the company and by 
the subscribers, there are more of them constructed than of the 
others. The Crossley (Figs. 171 and 172) is, as it were, the ex- 
clusive apparatus of the provinces, and we find it everywhere, at 
Marseilles, Lyons and Bordeaux. 

The Edison transmitter has been discarded, because the 
diaphragm enlarges by the expansion caused by the heat of the 
mouth, in consequence of which the pressure of the plate on the 
button varies, being sometimes too great and sometimes too 
feeble; the result being the need of too frequent regulating, 
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which fatigues the subscriber. The Edison transmitter has only 
been retained in the combination telephone of Mr. Brown, which 
is employed in the central offices of Paris and of the provinces: 

They have, besides, transformed the old desk sets of the Edison 
telephone pattern into Ader telephones. The arm of the trans- 
mitter has been taken off, and the diaphragm of the Ader micro- 
phone has been substituted for it on the desk (Fig. 173). The 
apparatus thus transformed presents a very good appearance. The 
company is making this change in such a manner as to gradu- 
ally remove all the Edison telephones, which the subscribers do 
not like; first, because they feel a repugnance to putting the 


4 


THE LARTIGUE-BROWN SYSTEM. 223 


mouth into the instrument even to speak, and second, because 
the apparatus becomes so easily deranged, as we have already 
explained. The Ader cannot get out of adjustment, for the sim- 
ple reason that it has no adjustment. 

It results from the preceding that the system of the old tele- 
phone company, which did not employ a battery, has been com- 
pletely discarded The actual apparatus in use are in great part 
those of the American system, and their attention was called to 
this system upon the proposition of Mr. Brown, who had pre- 
sented to the directors of the company, in 1880, a remarkable 
report, which served asa starting point to the organization finally 
adopted. This system requires the employment of a battery at 


the house of the subscriber, and the Société Générale has organized 
the service in such a manner that this element can never become 
defective. A special covered wagon visits each day from thirty 
to forty subscribers, and completely changes their batteries, The 
six Leclanché elements placed at the service of the subscribers 
are contained in a closed box, which is placed in a convenient 
place in the subscriber’s office. The employé in charge of the 
service replaces the old battery by a new one and carries all the 
old batteries to the service rooms situated at Number 10 Place 
de la République. The next day these batteries are examined, 
the jar is repainted anew and the manganese plates are replaced, 
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if that is necessary ; in a word, the battery is completely renewed. 
The batteries employed at the central offices are the same as 
those of the subscribers; that is a form of the Leclanché in 
which the zinc element is a cylindrical plate surrounding the 


agglomerated manganese. There are four in the circuit of each 
of the bells and four others upon each of the microphones, but 
half only are utilized each time, the two others remaining in 
repose, in order to recover the force lost by polarization. 

Figure 174 shows the construction of the Swiss commutator, 
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which forms the base of all the switch boards used in telephone 
exchanges, 

There are at present ten central offices in regular service in 
Paris, Here is a list of them: 


A. 27 Avenue de ]’Opera. 
Pare Monceaux. 

La Villette. 

. Chateau d'Eau. 

. Rue de Lyon. 

F. Gobelins. 

G. Rue de Bac. 

H. Grenelle. 

I. Passy. 

S. Rue des Petits-Champs, 66. 


Hb Ob 


The number of communications made during the week end- 
ing Tuesday, December 27, 1881, was as follows: 


Bureau. PNA 
A, communications from the 21st to the 27th, 38,783 535 
B, 73 6 6 i 6,803 132 
C, te t6 be bi 6,246 7T 
D, fi " = j 12,269 201 
E, (73 ec é te 755 12 
F, (z4 (73 be (33 800 12 
G, _ i á 10,318 124 
I, & tt ti (33 639 26 
S, i i : 3 10,862 208 

Total, 87,475 1,827 


At the same date the number of auxiliary wires in service in- 
creased to seventy-seven. 

Each of the auxiliary offices has a directress, and the day ser- 
vice is divided between the young women, who take their turns 
of service from half past eight o'clock in the morning until seven 
o'clock in theevening. They are then relieved by young men, 
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who perform the night service from seven o'clock in the evening 
until half-past eight o'clock in the morning. The calls in the 
night are less frequent, and vary from 200 to 250. The call 
bell, which is employed in the call circuit of the indicators, is 
replaced at night by a clock. 

The central office, at Number 27 Avenue de l'Opera, is di- 
rected by Miss Hattie Lordon, who is also general overseer of the 
female service. The following are, in addition, some details 
regarding the personnel of the service, which appears very well 
organized. It is placed under the general direction of Mr. Lar- 
tigue, and comprises a working service, of which Mr. R. G. 
Brown is the Electrical Engineer, and a Chief Engineer of the 
Technical Service, which office is filled by Mr. Berthon. Mr. 
Gilquin is the head of the factory. The working service of the 
Paris system comprises five inspectors and seventeen overseers 
in charge of maintenance and repairs; seven workmen for set- 
ting up batteries in the central offices and of those of the sub- 
scribers, and four for keeping them in repair. The active ser- 
vice of the communication in the central offices comprises sev- 
enty young women for the day and thirty young men for the 
night. The offices are visited day and night by the inspectors, 
who come to examine the communications, 

The organization of the telephonic service in the provinces is 
far from being as perfectas in Paris. Nevertheless they work 
regularly in Lille, Rouen, Havre, Nantes, Bordeaux, Lyons, 
Marscilles and other important centres. The double wire sys- 
tem is not yet uniformly established in France, and the system 
of a single wire, with a return by the earth, exists in nearly all 
the cities aside from Paris. The induction which is produced 
at times between two wires, which follow the same course, 
or which are situated upon the same poles, causes a8 
good deal of annoyance in the single wire system. The appa- 
ratus of the provinces are not yet perfected; except at Lyons 
(where they use the jack knife switch witha wire of Mr. Brown), 
the Swiss commutator is altogether in use. They are gradually 
introducing the combination telephone in the central offices, and 
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the apparatus of the subscribers are, in general, of the Crossley 
pattern. 

The lines are insulated in various ways; at Marseilles they 
are entirely upon double poles, forming gibbets, and placed 
upon the ridge poles of the houses. 

At Bordeaux, in the suspended part, the poles are formed of 
two iron U, very light, which they fasten against the walls, or 
which are attached to the ridge poles. They employ upon these 
lines a steel wire of 1 mm., 8 (about Number 15 Birmingham 
Wire gauge, weighing seventy pounds to the mile). The best 
part of the Bordeaux system is carried under the earth in tubes, 
made of cement, placed at a depth of three feet. They start 
from the central office, situated at the Baths south of the Quin- 
conces. The cables confined in these pipes are formed of a 
sheath of gutta-percha, recovered by anenvelope of tarred hemp. 
A small metallic wire, wound over this, maintains the hemp in 
place, and lessens the effects of the induction. 


The following tables show the whole number of subscribers to 
the Société Générale des Téléphones. The statements are made up 
to the 21st of October, 1881, and to 14th of February, 1888. 


Statistics of the Société Générale des Téléphones for the week 
ended December 27, 1881. 


No. of 
No. of Communications 
CITIES. Subscribers. for the week. 

a E OEE T 1,327 87,475 
BordéaüX. oecus rrsan oo aaa 86 seek 
Havien iien eae Gees 55 
DG ines ete E bata A E 
LYONS) EE E E wanes 161 
Marseilles... nen sate dee Seas 121 
Nantes. osidsceuden a iaai 58 
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Statistics of the Société Générale des Téléphones, for the week 
| ended February 14, 1883. 


No. of 
No. of Communications 
CITIES. Subscribers. for the Week. 

Paris, France..........ssece eves 2,722 100,358 
Algiers, Africa..........eeee00: 4 Soi 
Bordeaux, France.............0. 252 3,876 
Le Havre, “ aassnsssssees 181 5,122 
Lille, C Aa 121 846 
Lyons, re Rep keel hatte 442 $1,018 
Marseilles, “ 6... cue eee 292 11,331 
Nantes, eeu E 104 1,095 
Oran, Africa’ ices bin co a oueade 25 ee 
Rouen, France..............00. 57 
St. Pierre-Calais.............04 22 
Total to the 14th February, 1883, 4,222 153,646 


“ «27th December, 1881, 1,808 


Increase. ....oenneonenoeno 2,414 


The telephonic service in the provinces is still in a period of 
transformation, which has followed the amalgamation of the 
Compagnie Générale with the Société des Téléphones. This 
Société has come, besides, to take an important position in 
France as a company of electrical construction, and has increased 
its capital to the amount of $5,000,000. The Paris system does 
great honor to the Société Générale and to its competent agents. 
Some serious efforts permit us to hope that with the increase of 
the subscribers the provincial service can be in the future estab- 
lished in the same perfect condition which distinguishes its 
establishment in the capital. 


THE SCOTT-ELLSWORTH SYSTEM. 


In 1880 there were three telephone exchanges in operation in 
the City of New York, viz. : those of the Bell Telephone Com- 
pany, the Law Telegraph Company, and the Gold and Stock 
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Telegraph Company. The two former used the Blake trans- 
mitter and the Bell receiver; the latter used the Edison trans- 
mitter and the Phelps receiver. During the summer of 1880 
the exchanges of the Gold and Stock Telegraph Company and 
of the Bell Telephone Company were purchased by the Metro- 
politan Telephone and Telegraph Company, and united under 
one management and system, those of the Bell Company being 
adopted. 

The Telephone Exchange of the Gold and Stock Telegraph 
Company—which played a very important part in the early de- 
velopment of the enterprise—was due to the combined efforts of 
Mr. George B. Scott, the superintendent of the company, and 
Mr. T. G. Ellsworth, the manager of the central office. Fig. 175 
represents the Central Telephone Exchange office, situated at 
No. 198 Broadway, New York, as it existed in 1880, before the 
consolidation with the Bell system into that of the Metropolitan 
Telephone and Telegraph Company. Near the centre of the 
room an enclosed oblong frame is erected, and within this all the 
wires of the system are connected and separately Jed to sections 
of a switch board. These sections are arranged alongside of 
each other, facing outward and in four parallel rows, one above 
the other, but all within convenient reach of an attendant stand- 
ing upon the floor. Referring to a single section (Fig. 176), as 
the connections are similar in all, the line wire, after its intro- 
duction within the frame or back of the switch, is connected to 
a screw passing through the section and in electrical connection 
with a jack knife switch in front, provided with both front and 
back contacts. In its normal position, the jack knife switch is 
held on the back contact, which is simply a slight projection 
from a metallic plate, and thus establishes a good electrical path 
for a current arriving from the line to this plate, and a brass disk 
beneath it, which is also in electrical connection, through asmall 
relay, with the earth, and thus the circuit for the call current is 
completed. A catch on the end of the armature lever, which 
extends through the wooden part of the section, engages with an 
annunciator disk and keeps it in a vertical position so long as 
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the armature remains unattracted, or during the normal condi- 
tion of the line when idle. If, however, a current is sent into 
the line from the other terminal station, by the depression of a 
key like the one shown in Fig. 177, the armature lever is at- 
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Fig. 176. 
tracted, and thus releases the annunciator disk, which, being 
hinged below, now falls by its own weight, and indicates not 
only that a call has been sent, but also at what particular station 
it originated. On seeing the number, the switchman connects 
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his portable telephone with the subscriber's line, by inserting 
the plug at the end of the flexible telephone cord in the jack 
knife switch (Fig. 176). This operation not only connects the 
switchman with the line, but it also breaks the connection be- 
tween the subscriber's line and the annunciator. The switch- 


man's telephone being already connected with a battery and in- 
duction coil, and in conditian to talk over the subscriber’s line, 
he says to the subscriber (whom we will call No. 10), “ Well, 
sir?” No. 10 replies, “ No. 30.” The switchman then connects 
the jack knife switch of No. 10 with one of the long horizontal 
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bars, seen at the lower part of Figs. 175 and 176, which he turns 
slightly, to indicate that it is occupied. He then inserts one end 
of a flexible cord in the jack knife switch of No. 30, and taps 
with the other end on a long brass strip connected with a sig- 
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Fig. 178. 


naling battery, thus sending electrical impulses through the 
line wire connecting with No. 80 and ringing his bell, when No. 
30 removes his receiving telephone from its switch (Fig. 177), 
and listens while the switchman connects the jack knife switch 
of No. 80 with the same horizontal rod that is connected with 
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No. 10. He then removes the connection of No. 10 from the 
rod, and tells No. 10 to go ahead, when the conversation between 
No. 10 and No. 30 proceeds. 

The clearing out relays shown in Fig. 178, and at the further 
end of the office in Fig. 175, indicate to the central office 
when the subscribers have finished talking. These relays, 
which are of comparatively high resistance, are each arranged 
to work a local circuit, in which there is an annunciator rep- 
resenting one of the switch rods. 

Each horizontal switch rod is connected with one of the 
relays, and all of the relays are grounded. Now, No. 10, having 
begun the conversation through the telephone, must indicate 
when it is ended; therefore, upon hanging up his receiving tele- 
phone, he pushes the button four or five times, working the relay, 
and consequently, the annunciator connected with it, indicating 
that whatever is connected with the horizontal switch rod whose 
number corresponds with that of the annunciator, may be re- 
moved, and the switch rod may be used for any one else. 

This idea of putting the subscribers’ line to ground in the 
central office through a resistance, for the.purpose of enabling 
the subscribers to notify the central office when they had finished 
their conversation, originated with Mr. R. G. Brown, then chief 
operator of the Gold and Stock Exchange, and now electrical 
engineer of the General Telephone Company, in Paris, where 
this ingenious device is still in use, and proves a valuable auxil- 
iary to the service. 

Mr. Brown first conceived this idea in November, 1878. The 
plan of employing spring jacks and other looping devices was 
not only expensive, but, with the kind of switch boards then in 
use, required the employment of two connecting bars—one for 
each line—which took up valuable space; and looking about 
for some substitute for the looping in devices, Mr. Brown ascer- 
tained that a telephone, or high resistance electro-magnet, could 
be attached between a telephone line and the ground without 
perceptibly interfering with the transmission of speech, and 
hence adopted this plan, with very excellent results, 
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Fig. 177 shows the apparatus in the subscriber's office. The 
adjustable arm carries an Edison carbon button transmitter, con- 
nected with the primary wire of an induction coil concealed be- 
neath the desk. A receiving telephone, known as the pony 
crown, which is connected with the line wire, hangs upon a 
switch at the opposite end of the desk. Removing and replacing 
the telephone operates the switch. Above the desk there is an 


ordinary single stroke electric bell, and below it are two cells of 
Leclanché battery (Fig. 179). 

One wire from the subscriber’s battery is grounded ; the other 
connects with the push button seen at the side of the desk. 
When this button is pressed the current passes through the line 
wire to the switch at the central office, and thence through the 
magnet of the annunciator to the ground. 
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Among the peculiar devices originated for use in this office 
are the portable switchman’s telephone, which is shown in Figs. 
175 and 176, and the switch rods, shown in the same view. The 
latter are the invention of Mr. T. G. Ellsworth, the manager of 
the central office. 

The boys attending the switches become expert and rarely 
make mistakes. 

There were no less than six thousand calls per day in this 
office ; yet there was no delay, no mistakes, no trouble, save 
from the occasional breaking of a wire or the crossing and inter- 
ference of one wire with another. 

An idea of the activity of a telephone central office may be 
obtained from the larger view. The actual condition of things 
is far from being exaggerated. 

The desk, seen at the left of Fig. 175, is the chief operator’s 
desk, and the line men, whose business it is to rectify troubles, 
got their orders at this desk. | 

There were upwerds of 600 wires entering this office alone, 
and it required over a thousand cells of battery to work them, 

Persons desiring to avail themselves of this means of commu- 
nication subscribed to certain conditions, which required, among 
other things, the payment of a monthly rental, and the observ- 
ance of the rules of the company. Men were then sent from 
the central office to place the telephone and battery, and to run 
a wire from the subscriber's telephone to the central office, sup- 
porting it at intervals by poles and fixtures, as in the case of 
telegraph lines. The line and the instrument were kept in order 
by the company. Any imperfection in the action of either re- 
ported to the chief operator's desk at the central office received 
immediate attention, men being sent out at once to find and 
remedy the trouble. 

An alphabetically arranged list of subscribers was furnished 
with each telephone, and as new subscriptions were made, sup- 
plementary lists were furnished to all subscribers. 
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THE LAW SYSTEM. 


The experience of the various Telephone Exchanges in the 
larger cities throughout the country, shows that as the number 
of subscribers increases, the number of their communications in- 
crease in a twofold ratio. For example, if with one hundred 
subscribers there are five hundred communications per day, 
then with five hundred subscribers there will be at least five 
thousand communications per day. 

To make the necessary connections and disconnections at the 
central office, or offices, for these communications quickly, re- 
liably, with uniformity as to time, and without confusion, has 
been a problem of difficult solution. 

Various plans of working and an endless variety of apparatus 
have been devised, tried, found inadequate and abandoned ; and 
many of the large exchanges in the country are now operating 
their second or third systems, which are not entirely satisfactory. 

The systems referred to are all essentially alike, although dif- 
fering more or less in their apparatus or details, and operate sub- 
stantially as follows: A subscriber wishing communication with 
another, signals the central office, by dropping there an indica- 
tor, orringing a bell. The central office then connects with 
him by telephone, and asks the name of the party with whom 
he wishes to communicate, and, on being informed, rings up 
the party wanted and connects the two. The central office 
usually ascertains when to disconnect, either by listening to 
the whole communication, or by listening from time to time; 
but sometimes an indicator or bell is left in circuit, which may 
be dropped or rung, as the case may be, by either subscriber, 
when the conversation is ended. This would seem to be simple 
enough; but when it sometimes happens that these indicators 
drop, or bells ring faster than the desired connections can be 
made, even with the best apparatus and operators, it can be 
understood why these systems are still regarded as imperfect. 

The system invented by Frank Shaw, engineer of the Law 
Telegraph Company, of New York, and in operation by that 
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company, and known as the Law System, is said to require the 
least possible time in which to make connection, and to be supe- 
rior to all others. 

The Law Telegraph Company operates exchange systems in 
New York and Brooklyn, and its central offices are connected 
by trunk or connecting wires with those of the Metropolitan 
Telephone and Telegraph Company, thus enabling the sub- 
scribers of the two companies to intercommunicate, 

The telephone instruments used by the Law Telegraph 
Company are the same as those used by the Metropolitan Com- 
pany, that is, the Blake Transmitter and Bell Receiver. 

Nearly all the rest of the apparatus, however, as well as the 
modus operandi, is radically different, and merits a full descrip- 
tion. 

In addition to the usual wire (the individual wire) connect- 
ing the subscriber with the central office, he is provided,in com- 
mon with about 130 other subscribers, with a circuit wire, 
styled the “calling wire,” which is used exclusively in giving 
the orders to the central office for connecting and disconnecting 
the individual wires. 

The use of this calling wire enables the company to do away 
with annunciator cases, switch boards, local and trunk tables, 
etc., in the central offices, and to substitute therefor, as the sole 
apparatus of the office, atable thirty-four inches square, on 
which are concentrated no fewer than 400 individual wires, 75 
to 100 trunk wires and 4 calling wires. Around this table are 
seated four operators, each of whom has a transmitter and a re- 
ceiver in the circuit of a separate calling wire. The transmitter 
is placed on an upright rod at his right, and the receiver is held 
constantly at his ear by means of a steel band passed over the 
head, which band serves also as the magnet of the telephone. 
He is therefore always in readiness to receive an order, without 
the necessity of a preliminary call or signal, and both his hands 
are left free to fill the orders. 

Each of three of these calling wires connects with the prem- 
ises of about 133 subscribers, and the fourth connects with all- 
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the other tables in the system, whether located in the same or in 
other central offices, The former are styled subscribers’ calling 
wires, and the latter, “trunk line calling wires,” because used 
for transmitting orders to connect and disconnect the trunk 
lines, All tables in the system are exactly alike in every re- 
spect, and each has a certain number of trunk lines in direct 
connection with each other. 


Figure 180 is a cut of the table and figure 181 of the top. 
Its construction is as follows : 


Each individual wire enters the box in the centre from the 
floor below it, and connects with a vertical brass tube, about two 
feet in height and half an inch in diameter. A brass rod, about 
a foot long and carrying a little flat spring, is suspended in each 
tube (see Figure 182) by a stout, flexible cord, which terminates 
-in a brass cap bearing a steel pin and resting on a ground plate 
set Just above the tubes, but separated from them. 

The rod is made to move freely through the tube, and the 
spring maintains an electrical connection between them, which is 
never broken. 

This box of tubes opens in the centre of the table top, all 
parts of which can be easily reached from any side, and of which 
- the ground plate forms a portion of the surface, the rest being 
composed of 75 to 100 square brass bars drilled with holes to 
receive the steel pins. 

Portions of these bars are connected with trunk wires leading 
to similar bars on similar tables (either in the same office or 
other offices), and the rest are used for local connections. 

The tubes are arranged in four sections of 100 each, each 
section ten tubes square, and numbered from 0 to 9 on all four 
sides, so that the figures can be read equally well from all sides 
of the table. 

The figures on either of the two parallel sides may stand for 
tens, and those on the other two sides will stand for the units— 
the hundreds are understood. 
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It must be readily seen that with this system of numbering, 
the operator can select any plug more quickly and surely than 
if each plug bore its own number. 

The plate bearing the figures is connected with a battery hav- 
ing a pole changer or circuit breaker in its wire—or with a 
generator, if preferred—so that when a plug is touched to it the 
subscriber’s bell is given a continuous ring. A small key is 
inserted in each square bar, which, when depressed by the 
finger, bears against a plate underneath similarly connected. 
When subscribers have been connected, they can be rung up by 
these keys without disconnecting. 

Another plate, that next to the one numbered, is connected 
with the same battery, but directly, and used for giving single 
strokes. 

The push button switch, shown underneath each transmitter, 
is used to switch the telephones temporarily into a trunk calling 
wire coining from another table. When there is more than one 
such wire there is a switch for each. 

The subscribers’ outfit is shown in Figure 183. The usual 
magneto generator is dispensed with. The black knob seen 
projecting through the door is the same switch shown at the 
corners of the table, and, when held pressed in, it connects the 
entire apparatus with the calling wire; in its normal condition 
the apparatus is in the circuit of the individual wire. 

The box contains, besides this switch and the gravity switch 
(holding the receiver and used for automatically switching from 
the call bell to the telephone), one cell of “ Law” battery and a 
simple call bell. 


Figure 184 shows the combination of the circuits, and will 
serve to illustrate the operation of the system, which is as 
follows: 


Subscriber 113 wishing to communicate with subscriber 394, 
he switches into his call wire (C1) by holding his finger on his 
push button and calls ‘‘ 113—394.” Operator St immediately 
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selects these pins, one with each hand, holds them an instant on 
the continuous ring-up plate, inserts them in a bar and the work 
is finished. Whole time occupied—about three seconds. 

The conversation ended, 118 calls, “113 off,” and the oper- 
ator S immediately withdraws pins 113 and 394, one with each 
hand, touches them to the single stroke plate, thereby giving a 
disconnect signal to each subscriber, releases them, and they 
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Fig. 183. 


run back to their places. Whole time occupied—about two 


seconds. 
If the call had been “118-782,” 782 being a subscriber con- 
nected with another table (either in the same or another central 
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office), the operator S! would then have selected a trunk line 
bar leading to that table, say bar connecting with trunk line 10, 
with one hand rung and connected 118 with that bar, and with 
the other hand pressed his push button switch and called over 
wire T C1 to the distant operator, 782-10, and T? would im- 
mediately ring and connect 782 with the bar similarly num- 
bered in his table. Whole time occupied—about five seconds. 

The disconnection is similarly accomplished. It will be ob- 
served that the operators at the same table work entirely inde- 
pendent of each other, and they never speak, except over a 
trunk call wire, to a distant operator. 

Should subscriber 782 give the order to disconnect, it would 
be received by operator S*, who would withdraw pin 782, switch 
into wire T C’, say to operator T'—“ 10 off,” whereupon opera- 
tor T' would withdraw pin 113 from bar 10. 

All subscribers are numbered, and names are not used at all. 

Subscribers do not interrupt or interfere with one another on 
the calling wire, because they distinctly hear each other, and 
each order is but a word or two, and is filled at once. 

Under this system a subscriber can connect and disconnect at 
will with other subscribers in rapid succession ; an invaluable 
feature for giving quotations to customers, ascertaining the 
whereabouts of a party, and for many other purposes. 

Some of the calling wires are metallic circuits, and some of 
them ground circuits. Usually they loop into the subscriber's 
office, although they sometimes merely branch or tap in. 

The following advantages are claimed for the Law System : 

The expense of constructing and establishing it is less than 
any other, because the cost of the calling circuit is less than the 
cost of the usual apparatus of annunciators, spring-jacks and 
batteries, in the central office, and batteries or magneto bells in 
the subscribers’ offices, none of which are required; and the cost 
of maintaining and operating is very much less, because, 


1st. But one third to one quarter the usual number of opera- 
tors are needed. 
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2d. The calling wire gets out of order less than the usual an- 
nunciators and batteries, and, of course, for the same reason, the 
service is better to subscribers. 


3d. The system requires a much less number of inspectors 
and adjusters, as the calling wire is a corps of inspectors in it- 
self, and its service as such alone pays for its cost. 


4th. But about one tenth the usual number of cells of battery 
are used. 


5th. The usual and inevitable expense of changing the appa- 
ratus with the view to improving it, is avoided, because there is 
little or none to change. 


The calling wire may be either a metallic or a ground cir- 
cuit, although the former is preferable, and it should loop back 
into the central office frequently, so that in case of trouble it 
can be immediately traced to a particular loop and quickly found 
and removed. This looping back is without any material waste 
of wire, because subscribers are always so numerous near the 
central office, that both parts of each loop can be used advan- 
tageously. In the preceding comparison of costs of construction 
provision is made for running the calling wire entirely of No. 
13 iron wire, with Kerite insulation, but in many cities and 
places this insulation would not be necessary or advisable. 

On pole routes the top pin should always be given to the call 
wire. 

The call wire may either loop into each subscriber’s office, 
or it may branch in. The former is preferable in large or active 
exchanges and with more than 50 in a circuit, and the latter in 
small exchanges and with but a few on a circuit, but both plans 
are sometimes advantageous for different circuits from the same 
central office. 

Whenever calls are comparatively few, in order to avoid the 
necessity of an operator holding the telephone constantly to his 
ear, a branch in the central office from the calling wire, with a 
battery and bell in circuit to the ground, may be provided, and 
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the bell will be rung whenever any subscriber presses his push- 
button, because in so doing he connects for an instant the call- 
ing wire with his private wire, and thereby grounds the former. 
This plan requires nothing additional, and no change whatever 
in the subscriber's office, and is particularly advantageous for 
night service and for small exchanges. 

Orders are given and received between different central of- 
fices connected by trunk lines, in the same manner as between 
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Fig. 186. 


the central offices and the subscribers—that is, by call wires and 
listening operators, 

Under this plan the Law Telegraph Company, who are oper- 
ating five central offices, establish communication between a 
subscriber connected with one office and a subscriber connected 
with another office almost as quickly as between the two sub- 
scribers, both of whom are connected with the same office. 

Figures 185 and 186 show how connections are made when 
the calling wire is looped into subscriber's office. 

The circuits through the apparatus are as follows: The call- 
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ing wire enters at A, and goes directly out at B. No resistance 
is in this circuit, therefore, at the subscriber's station when thc 
telephone is not in use. The private wire enters at C, and by way 
of D and E goes to the bell and then to the ground; hence the 
station is in condition to be called. When the telephone is re- 
moved from its hook and the push button switch is pushed and 
held in, the private wire entering at C goes over the plate next to 
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Fig. 187. 


the push button, directly to the bell and the ground. The 
calling wire, entering at A, goes through the secondary coil of 
the transmitter, through the telephone and out at B, by way of 
the wires D, F, G and H; and the local battery is closed through 
the primary coil of the transmitter by way of the wires I, F and 
J. When the push button is released the calling wire again 
passes directly through the apparatus as in the first instance, but 
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as the telephone is still removed from its hook, the circuit of 
the private wire is then by way of D, F, G and H, through trans- 
mitter, receiver and bell, to the ground. 

Figure 187 shows how connections are made when calling 
wire is branched into subscriber’s office and a bell and battery 
are placed in circuit at central office. 

The connections in the subscriber's office are the same as 
when the calling wire is looped in, except that it does not go 
out again; and the wire E is connected to both of the con- 
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tact springs nearest the bell. When the subscriber pushes in 
and holds his push button the battery at the central office is 
closed from the ground through the bell there—which should 
be a vibrator—the wires A, D and E to the bell and ground in 
the subscriber's office. 

Figures 188 and 189 are cuts of the battery used by the Law 
Telegraph Company, which is claimed to be uniform in its 
action, and so constructed that the water cannot evaporate, nor 
the sal ammoniac creep out. To charge the battery, dissolve 
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in the jar 6 ounces of best pure sal ammoniac with water, and 
fill so that when the carbons and zinc are inserted the water 
will rise to the shoulder, but no higher. The cover inside and 
outside, and its connections, must be kept perfectly dry and the 
carbons tightly bolted together. The circuit must stand open 
when the battery is not in use. No more sal ammoniac must 
be put in the jar than the water will dissolve. Many do this, 
under the belief that a deposit of sal ammoniac in the bottom of 
the jar serves as a reserve supply, on which the solution draws 
as required, which is not true—on the contrary, the deposit works 
an absolute injury. By using hot instead of cold water and 
stirring it well, the sal ammoniac will dissolve quickly. 

The round rod is the zinc and the flat plates the carbon ele- 
ment. 


The following is a list of exchanges using the law tele- 
phone exchange system: 


Philadelphia........... Penn. | Columbia............ 5. C. 
te Loüis 2b et an aiit Mo. į Augusta............. Ga 
Kansas City........... a | Savannah........ 0.0. 
Richmond.......-.... Va. | Macon.............- i 
NOrtolk 6020-05 ued 5. 5 5s - | Columbus............ i 
Staunton............. “ O Atlanta.. ae nannan. i 
OLAS Scien E ROMC syicsees eos es 
Dam Vl Cs bee testera K E I E Stele ors 
Lynchburg........... $ | Brunswick........... 
Alexandria........... | Moble eis sx eeaaee es Ala, 
Charle?ton........... W. Va. ' Montgomery........... - 
Rale lipse acunkunsinees N. C. | Birmingham........... j 
Wilmington.......... Jacksonville.......... Fla. 
Charleston........... S. C. Pensacola. ........... ‘i 


The following abstract from the annual report of Mr. J. E. 
Zeublin, general manager of the Bell Telephone Company of 
Philadelphia, dated February 19, 1883, gives an interesting ac- 
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count of the change from the annunciator system to the law 
system by that company : 

The fiscal year that has just closed has been a phenomenal 
one in the history of this company. 

Last year’s experience had demonstrated the necessity for 
more capacious quarters for the central exchange and prompted 
the executive officers to negotiate for accommodations in the new 
building on the southwest corner of Fourth and Chestnut 
streets, This resulted in giving to this company rooms and 
roof privileges exactly suited to our wire service. In order, 
therefore, to take advantage of all the progress that had been 
made in telephony, before making the removal it was deemed 
best to send Mr. Sargent, the general superintendent, upon 
a tour of inspection to all the prominent exchanges of the 
country. Mr. Sargent’s large experience and progressive views 
especially fitted him for this mission, and resulted in his un- 
willingness to fetter this rapidly growing plant with the ordin- 
ary systems in use. He took advanced ground and boldly 
recommended the experiment of the law system of exchange 
service to secure rapid service between subscribers and to 
economize space in the operating room. These suggestions 
were adopted and four law switches were purchased. 

In removing from the old to the new central exchange un- 
foreseen difficulties were encountered, chiefly in the removal of 
such a mass of wires and the abrupt change from the old to the 
new system, and the necessarily temporary character of much 
of the construction, The public had to be personally taught to 
use the new system, and our operators had to be educated in its 
rapid use. This naturally caused dissatisfaction, and before the 
system was tried and the construction trouble eliminated, our 
subscribers, through misapprehension of the real purpose of the 
change, were invited to meet and form an association to protect 
their interests, and compel satisfactory and perfect service upon 
our part. 

The officers of the company met this assault with kindness 
and individually and collectively labored to perfect the service 


THE LAW SYSTEM. 251 


in every manner possible, in all of which they were ably and 
industriously supported by Mr. Henry Bentley, of the Board of 
Directors. The work was performed so quietly and effectively 
that the officers of the association were soon without a follow- 
ing, the president himself being compelled to acknowledge the 
superiority of the new service over that of the old. 

The loss of service was satisfactorily settled at a nominal ex- 
pense, while the agitation convinced our patrons that the tele- 
phone was an indispensable business necessity, and has re- 
sulted in a greater increase of subscription in a given time than 
was ever before known in the history of the company, while the 
superior service rendered by the new and well-appointed ex- 
change has called forth unstinted praise from the prominent 
telephonists of this country. 


CHILD'S ANNUNCIATOR SYSTEM. 


On the right, A, B, C, D and E (fig. 190), are table operators, 
each of whom has connected with his table, by an independent 
circuit, an indicator on the left of the switch board, correspond- 
ingly lettered. 

Each table has also a specified number of wires arranged in 
pairs, each wire connecting with a horizontal bar on the switch 
board. 

1, 2 and 3 are switch operators standing or sitting in front of 
the board, each with a telephone secured to his head and con- 
nected in an independent circuit with all the tables. 

101 to 807 are subscribers’ wires connecting with the vertical 
bars, which in turn connect with the subscribers’ annunciators 
and then with the ground. 

The operation is as follows: For example, 101 wishes to 
communicate with 807. 101 drops his annunciator; switch 
operator 1 withdraws the pin beneath it and sets the annuncia- 
tor back. Glancing at the indicators, he observes that table 
operator A is disengaged and inserts the pin in the upper bar 
of any disengaged pair leading to his table, say pair No. 1, 
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whereupon the current from the generator, shown on the left, 
closes indicator A, drops table annunciator 1 and rings sub- 
scriber 101. Thus the subscriber is answered, A is called, and 
all the switch operators are informed that A is busy. 

A then moves the two-button switch from upper 1 to lower 1, 
switches his telephone into circuit with upper 1, receives his 
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Fig. 190. 


order 101-807, and records it either on ticket or in book, the 


latter preferred, 
He now switches his telephone into circuit with switch opera- 


tor 8, and gives the order 307-1. 
3 withdraws pin 307, and inserts it in lower 1, whereupon the 
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current from the generator rings subscriber 307, who is then 
switched by A from the generator to 101. 

The work completed, A touches a push button, which, by 
means of a circuit not shown, opens his indicator and notifies 
the switch operators that he is again disengaged. Or, it can be 
arranged so that the act of A, in switching the two subscribers 
together, will open his indicator and thereby prevent his shirk- 
ing work. If a switch operator connects a subscriber with a 
bar already engaged, the fact is instantly made known to him 
by the proper indicator, which will refuse to close. 

Disconnections are obtained by either subscriber dropping the 
table annunciator, whereupon table operator calls the numbers 
off by means of the proper circuit or circuits to the switch 
operators, 

If, when called for, 307 were engaged, 3 would first answer 
A, engaged, and then hang a hard rubber ticket bearing the 
letter A on 307’s pin, and, finally, on receipt of the order to 
disconnect 807, would connect 807 with A, who, from his 
record, would then find 101 wanted him, and make the con- 
nection. | 

Trunk lines to other central offices are connected with the 
board precisely as subscribers’ lines, and if connection with a 
subscriber of another central office is desired, the table operator 
orders a trunk wire from the proper switch operator, drops an 
annunciator in the distant office, is switched to a table there, 
and calls for the party wanted. 

Spring jacks and wedges are not uscd at the tables, but in 
their stead push-button switches, which are simple and perfect 
in their operation, and enable the operator, by merely passing 
his finger from one to another, to switch bis telephone from 
wire to wire quickly and with ease. The advantages claimed 
for this system are: 

1. Each operator stands or sits in his place and does not move 
from it. 

2. No time is lost at any point in filling an order, but every 
movement is quickly and easily made. 
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3. No matter how great the rush of business, it is impossible 
to confuse or delay the work, provided, of course, there are u 
sufficient number of operators, and this is not true of any other 
annunciator system. 

4. The system is capable of expansion without limit, and 
will work just as well with 5,000 as with 500 subscribers ; 
either when all are in one office or are divided among a num- 
ber of offices. 

It is not claimed for this system that it is as good as the 
law system, in which annunciators are not used, and which for 
rapidity, uniformity, accuracy and cheapness is said to excel 
all other systems, but it is claimed that this system is superior 
to any other annunciator system. 


THE CHINNOCK SYSTEM. 


In 1880 the Metropolitan Telephone and Telegraph Company 
ncquired the ownership of the Telephone Exchange in the City 
of New York and vicinity, of the Gold and Stock Telegraph 
Company, and of the Bell Telephone Company, and adopted in 
all the Exchanges the system invented by Mr. C. E. Chinnock, 
represented in figure 191, which had been in use by the latter 
company. 

In the Central Telephone Office in New Street, New York, 
there are nine switch boards arranged side by side along one side 
of an oblong room, and eight annunciator cases arranged along 
the opposite side, while between the rows of switch boards and 
annunciator cases, in the middle of the room, are situated ten 
operating tables. 

The switch boards are five feet in height by five feet in width, 
and are all of the same size and shape. Running horizontally 
across the front of the board are strips of brass, about half an 
inch in width, insulated from each other. There are one hun- 
dred of these strips, arranged in pairs, every alternate pair being 
stained black, while the intervening ones are of the natural color 
of the brass. Arranged in vertical lines, and about half an inch 
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apart, are holes in the centres of the strips) All the strips are 
perforated with an equal number of holes, and the centres of 
corresponding holes in all the strips are in the same vertical line. 
The strips are numbered consecutively, and the vertical rows of 
holes are also numbered consecutively, the numeration com- 
mencing with No. 1, at the left of the board. On the rear of 
the board, and directly behind the vertical rows of holes, are 
strips of sheet brass, set at such an angle that a metallic pin 
pushed through one of the holes in front of the board would 
press against the strip of brass in the rear, and thus establish a 
metallic connection between one of the horizontal brass strips 
on the front, and one of the vertical brass strips on the rear of 
the board. 

Each switch board contains one hundred vertical strips, and 
the strips of the same number on each board are connected 
together; No. 1 of the first board being connected with No. 1 
of the second, third, fourth, fifth, sixth, seventh, eighth, and ninth 
boards; and all the others in the same manner. So that while 
there are 900 numbers on the vertical strips of the board, there 
are only 100 numbers on the horizontal strips. 

From this arrangement it will be seen that each vertical line 
may be connected with any one of the brass strips upon the 
front of the board. The wires from the various subscribers are 
brought through the roof of the building and are attached to the 
correspondingly numbered vertical strips on the switch boat. 
The pins used to make the connections in the board are of 
brass, of a tapering form, to insure their fitting closely in the 
holes in the strips, and long enough to project sufliciently 
from the rear to engage the sheets of brass on the vertical lines: 
and in consequence of the angle at which the sheets are placed, 
they act as springs, and thus always insure a good, firm contact. 

In front of each switch board there is a row of holes, about a 
foot from the bottom of the board, in which pins are inserted, 
for the purpose of connecting the vertical strips connected with 
the subscribers’ lines with the corresponding annunciators, situ- 
ated on the opposite side of the room. A wire leading from 
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each vertical strip is connected to a piece of metal fastened to 
one side of each of the holes forming this row; and another 
wire, leading to each indicator, is connected to a piece of metal 
fastened to the opposite side of each of the holes above men- 
tioned, in such a manner that when a pin is inserted into one of 
the holes, a metallic connection is formed between a subscriber's 
wire and the corresponding indicator. 

The eight annunciator cases each contain one hundred annun- 
ciators, arranged in three rows, two rows each containing thirty- 
four, and one row containing thirty-three annunciators. The 
annunciatdr consists of a smal] disk, hinged on the under side, 
and so arranged as to drop of its own weight when released by 
a catch on the end of a lever, actuated by an electro-magnet. 
The number of each annunciator is painted directly over it, and 
corresponds to the nuinber of each subscriber, in addition to 
which the name of each subscriber is written upon a card 
attached to the inside of each annunciator disk. 

By inserting a pin in a hole in a brass strip under each annun- 
ciator, connection is made between the subscriber's wire and 
a telephone receiver and transmitter. 

Over each of the operating tables, situated in the middle of 
the room, there are eight annunciators, the electro-magnet of 
each annunciator being connected by a wire to one of the hori- 
zontal strips running across the front of the switch board. 

Upon the operating table there are eight brass spring jacks, 
about four inches long, rigidly fastened at one end, and resting 
on a small metallic plate at the other end. Each spring jack is 
connected by a wire with one terminus of an annunciator mag- 
net, whose other terminus is connected to one of the horizontal 
strips of the switch board ; and the small metallic plate of each 
spring jack is also connected with one end of an annunciator 
magnet, whose other end is connected to one of the horizontal 
strips of the switch board. 

Thus there are eight spring jacks upon each table, connected 
with eight annunciators ; that is to say, one spring jack for each 
annunciator, forming a connection with each of the horizontal 
strips for that table. 
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Upon each operating table there are also two keys, a trans- 
mitting and receiving telephone and a wedge, the latter instru- 
ment designed to be inserted between the spring Jack and the 
small metallic plate; and to facilitate its passage, the end of the 
spring jack is curved upward. The wedge consists of an ebonite 
knife, whose blade is covered on each side with strips of brass 
insulated from each. other, and from each strip a wire extends 
through the handle to the receiver and transmitter of the attend- 
ant operator. 

When the wedge is inserted between the spring jack and the 
metallic plate, there is a metallic connection through the spring 
to the brass strip on the upper part of the wedge, through the 
wire in the handle to the transmitting and receiving instrument, 
thence back on the other wire to the lower plate of the wedge, 
and thence to the metallic plate connected with the annunciator 
magnet. 

Having described the switch boards, annunciators, and operat- 
ing tables, we will now follow the various operations which 
occur in the Central Office from the calling of a subscriber who 
wishes for a connection with another subscriber, to the comple- 
tion of the conversation and the disconnection of the lines from 
the operating tables. 

Let us, for example, suppose that Brown and Robinson, whose 
telephonic number is 1 New, desire to converse with Smith and 
Jones, whose telephonic number is 4 New. Subscriber No. 1 
turns the crank of his magnet, which sends an electric current 
along his wire to the Central Office, where it enters the switch 
board by the vertical strip No. 1, passes down this wire to the 
pin which connects it with the annunciator wire, thence to the 
annunciator magnet No. 1 to the earth. As the current passes 
through the annunciator magnet the armature of the latter is 
attracted, thus raising the lever and detaching the catch which 
holds the shutter, and the latter falls by its own weight. The 
operator then inserts a pin in the hole under annunciator No. 1, 
which disconnects the annunciator from the earth direct, and 
connects it to earth through a telephone transmitter and receiver, 


THE CHINNOCK SYSTEM. 259 


and then asks the subscriber through the telephone, “ What 
number?” and receiving the reply, “ Number 4,” writes the two 
numbers, 1 and 4, on a small slip of paper, and hands it to a 
boy, who carries tbe slip toa local table. The operator then 
removes the pin from the hole of No. 1 on the annunciator board, 
and replaces the shutter. The operator at the local table, after re- 
ceiving the slip, tells the person whose duty it is to move the pins 
on the switch board as directed to connect Nos. land 4. ‘Lhe 
switchman then removes the pin belonging to No. 1 from the 
lower hole, thus opening the circuit between No. 1 and the 
annunciator, and inserts it in the hole in horizontal strip No. 5, 
in the vertical line belonging to No. 1. He then moves the pin 
of No. 4 from the lower hole and places it in a hole on horizontal 
strip No. 6, and on the vertical line No. 4. The path for the 
current now passes from subscriber No. 1 through his vertical 
wire at the back of the switch board to the horizontal brass strip 
No. 5; thence to annunciator No. 5 on the local table; thence to 
the spring jack, on the local table, through the metallic plate to 
annunciator No. 6 on the local table; thence to the horizontal 
strip No. 6, to the pin inserted on the vertical wire of No. 4: 
thence out over the line wire to the office of subscriber No. 4, 
and through his instrument to the earth, thus placing the two 
subscribers in the same circuit. 

The local table operator now notifies No. 4 that he is wanted, 
by ringing the alarm bell of the latter. Extending along the 
front part of the under side of the tables is a wire from a series 
of batteries placed in an adjoining room, the current from which 
is constantly reversed by an automatic pole changer, and when 
a subscriber’s wire is connected with the battery wire, by press- 
ing a key, the requisite intermittent current for ringing the sub- 
scriber's bell passes over it. In the present case the alarm in 
the office of No. 4 would be rung, while that in No. 1 would 
remain silent, as the latter had removed the hand telephone and 
opened the circuit to his own alarm, after he had called the 
Central Office, and is now waiting, with the receiving telephone 
at his ear, for the notice from his correspondents, Smith and 
Jones, that they are ready to talk with him. 
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The local table operator now inserts a wedge between the 
spring-jack and the metallic plate, and thus inserts in the circuit 
a telephone transmitter and receiver, in addition to the annun- 
ciator. As soon as the two subscribers, Nos. 1 and 4, finish 
their conversation, it is their duty to send to the Central Office 
a signal to that effect, by turning the crank of their magnets anq 
dropping the annunciator shutters connected with their lines on 
the operating table; but in case they should forget or neglect to 
do so, the operator can ascertain when they have finished by 
listening occasionally at the telephone on his table. 

The Metropolitan Company has divided the city into eight 
districts, and in each district established a central exchange. 
These exchanges are located as follows: New, Murray, Spring, 
Pearl, Nassau, Walker, Twenty-first and Twenty-second streets. 

These exchanges are connected with each other by trunk lines, 
and also with exchanges in Harlem, Brooklyn, Flushing, Yon- 
kers, Mount Vernon, White Plains, Sing Sing, and Portchester, 
N. Y., and Jersey City, Hoboken, Paterson, Passaic, Hacken- 
sack, Orange, Bloomfield, Montclair, Asbury Park, Elizabeth, 
Plainfield, New Brunswick, and Morristown, N. J. 

When a subscriber connected with one exchange desires to 
be connected with a subscriber connected with another, the 
operations are as follows: A subscriber connecting with New 
Street office, say 280, who wishes to talk with a subscriber in 
Spring Street office, proceeds as follows: He turns his magnet 
crank, which throws down the annunciator drop No. 280 in New 
Street office. The operator in New Street office then inserts a 
pin connecting with a telephone, and asks what number. Sub- 
scriber replies: “250, Spring.” These two numbers are then 
written on a slip of paper, and carried by a boy to an operator 
at a table having wires running to Spring Street office. This 
operator then tells the switchman to connect 280 with 18—the 
latter being the number of the trunk line to Spring Street office 
—and then depresses a key, which throws a battery current of 
the line and drops an annunciator disk on a similar table in 
Spring Street office, and says, through the telephone, “ 250.” The 
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operator at Spring Street then directs the switchman to connect 
250, and then calls him by sending a battery current out on his 
wire, and at the same time rings bell of subscriber “ 280, New,” 
who called for 250, Spring, and the connection is then com- 
pleted between the two subscribers without saying a word to 
either. As soon as the subscribers have finished talking, one of 
them turns his magnet crank, which throws down an annunciator 
shutter, situated on a trunk line table, in each of the Central 
Offices, and the operator notifies the switchman to disconnect 
the wires from the table, and they are then restored to their 
normal position on the switch board. 

There are in the New Street Central Office ten young women 
at the operating tables, seven young women at the annunciator 
cases, five switchmen, and one boy to pass the slips. The New 
Street Central Office has seven hundred aud thirty subscribers, 
ninety trunk lines running to different points, and averages six 
thousand five hundred connections each day, each connection 
being made, upon both trunk and local wires, on an average in 
thirty seconds. 

The Metropolitan Telephone and Telegraph Company has 
3,300 subscribers in the city of New York, and the Law Tele- 
phone Company 550; the suburban exchanges, working in con- 
mection with the above, have 3,800 subscribers, making a total 
of 7,650 subscribersin New York and vicinity, who can communi- 
cate with each other by telephone through the combination of 
the various exchanges. 

The Metropolitan Telephone and Telegraph Company pub- 
lishes a pamphlet containing a list of all the subscribers to its 
various exchanges, and to those of the suburban towns working 
in connection with them. This pamphlet contains, in addition 
to the subscribers’ names, the name of the Central Office with 
which his wire connects, and the subscriber’s number. The 
subscribers are only known to the operators by the name of the 
Central Office with which they are connected, and by the sub- 
scriber’s number, and not by the subscriber's name. 

The following instructions are given to the subscribers for 
communicating through the Central Offices: 
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Press in the button and turn the crank once only; unhook 
the listening telephone (receiver) and put it close to your ear, 
when Central Office will enquire: What number? Give Central 
Office and number of person wanted, and upon receiving the 
answer, all right, hang up the receiver, and wait till your bell 
rings, then place the receiver to your ear and address the person 
called. If you do not immediately hear his voice, the delay— 
exceptin rare cases—is owing to his failure to promptly answer the 
call. Therefore, hang up the receiver, press in the button and 
ring twice, then put the receiver again to your ear. Speak ina 
moderate, clear tone, with mouth three or four inches from trans- 
mitter. Loud speaking jars the mechanism of the instrument 
and produces a confused sound. When through, do not fail to 
hang up the receiver, and call off, pressing in button and turn- 
ing crank once. If you wish to call for a subscriber before dis- 
connection is made, hang up your receiver, press in button, and 
turn the crank once; then immediately place receiver to your 
ear and Central Office will answer. 

If subscribers will respond quickly when their bells are rung, 
the service will be much improved. 

If bell rings once, pay no attention—you are not wanted. If 
it rings twice you are wanted. Unhook receiver and speak im- 
mediately. The receiver, except when at your ear, must be 
always on the hook. 

The spring-jacks on the trunk tables are similar to those on 
the local tables, and the application of the spring-jacks serves 
the same purpose. Immediately in the rear of the spring-jacks 
there are double switches with two arms swinging upon centres 
placed just behind three buttons. Over the switches are the 
annunciators. 

On the switch board are certain strips, each one of which is 
directly connected with a trunk line from another exchange. 
Before considering this, we will take up the case of a call from 
another exchange—say Brooklyn. In order to receive a call, 
the arms of the switch are moved to the right. The trunk line 
from Brooklyn comes, through the roof of the building to a 
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button on the trunk table. The current passes thence through 
the arm to the brass spring, thence through the brass plate under 
the spring to the coil of the annunciator, and thence to the 
ground. The electro-magnet, being liberated, the shutter of 
the annunciator reveals the fact that Brooklyn is waiting. 
The attendant, having inserted the wedge in the spring-jack, 
inquires the number wanted, and, learning that No. 6 of New 
Street Exchange is wanted, she tells a switchman to connect 
No. 6 on the switch board with No. 50. He removes the pin 
from the bottom hole of vertical strip No. 6, and inserts it in 
the hole on strip No. 50. The arms of the switches are now 
moved to the left. The course of the current is now through 
the Brooklyn wire to the switch, thence to the annunciator, 
thence through the spring-jack and switch to the vertical strip of 
wire No. 6 on the switch board, and thence over the wire to the 
subscriber’s office. When the conversation has ended, the switch 
is moved to its first position, and the exchange is ready for 
another signal from Brooklyn. 

In calling up Brooklyn from the New Street exchange, the 
current from the batteries would pass to the trunk line leading 
to the Brooklyn exchange, when the New Street subscriber, 
having been connected with the Brooklyn strip on the switch 
board, would send his current through this exchange to Brook- 
lyn, and from there to the number he called for. 

In cases where all the wires leading from one exchange to an- 
other are in use, and yet calls are waiting, it becomes necessary 
to borrow a connection from a third office. If the wires from 
exchanges one and two are occupied, No. 1 will ask No. 3 if it 
can spare a line to No. 2. If the answer is affirmative, No. 1 — 
connects with No. 8, thence to No. 2, and the subscribers be- 
longing to Nos. 1 and 2 are placed in a circuit through No. 3. 


THE HASKINS SYSTEM. 


Figure 192 represents the Central Office system devised by 
H. C. Haskins, and in use in the Milwaukee Exchange. 
By this system, talking in the office (except with subscribers) 
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as well as the use of flexible cords, are dispensed with. No tick- 
ets are used, and connections and disconnections are made to 
and from the tables, silently and with great rapidity. 

Two boards are used. All the lines are run to the perpen- 
dicular strips of the connecting board C, which are crossed by 
pairs of horizontal strips, with which connections are made. 

The board A, on which the annunciators are placed, faces the 
connecting board situated five or six feet distant. The boards 
are of the Gilliland pattern. The course of the line wires is as 
follows : 

From the tower to the top of the connecting board C, where 
they are attached to the perpendicular strips 1, 2, 3, 4, ete. By 
a plug inserted below at P, betwecn a line strip and a brass 
plate, each line strip is connected with a wire which runs to the 
annunciator board A, thence through the annunciator B, and by 
a plug connection to the ground, E. 

This is the ordinary path of the main circuit in the Gilliland 
board. 

In the rear of the annunciator board A, are placed two or 
more listening or disconnecting tables. These tables may be 
placed in any convenient spot, even in an adjoining room if de- 
sired, as no conversation is necessary between the boards and 
the tables. 

The horizontal strips on the connecting board are arranged 
in pairs, and wires from these strips lead to the tables; so that 
when two parties are connected, the circuit is through the loops 
to the tables, and back to the board. 

A three point switch, H, is upon the table, for each pair of 
connecting strips on the board. 

The lower strip, F’, of the pair, is connected by its wire with 
the switch H, after passing through an annunciator drop Q, while 
the upper strip is connected to the plate J. To the other plate 
K, of the switch, is connected the wire L, from the power gen- 
erator G. 

The wire L, however, before reaching plate K, passes through 
the connecting points M, of the disconnecting drop D, so that 
when the drop D falls, it will break the wire L, at M. 
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The normal position of the switch H is on plate K. Thus 
the lower strip F’ is connected with the generator, and if line I 
is connected by a plug inserted at R, the generator current will 
be thrown to that line, ringing the subscriber by the following 
circuit: G, L, M, K, H, annunciator Q, F’, lower horizontal 
strip Z, R, and line I. 

Hence the party desired is always put in the bottom horizon- 
tal strip, while the party calling (in this case No. 5) is plugged 
into the upper horizontal strip of any pair; and the insertion of 
the plug at the junction of a line and the bottom strip of a pair, 
not only rings the party wanted, but also drops the annunciator 
Q on the table, notifying the table operator of a connection. 

It is evident that unless the switch H is moved, the generator 
current will continue to ring the party. Hence the table opera- 
tor, as soon as the annunciator falls, moves the switch H, to 
plate J (to which the first party is already connected through 
the circuit J, F, and line 5) and restores the annunciator Q, 

The answering ring of the party called passes through Q, 
dropping it again, and thence to the party asking the connection. 
Thus the answering ring notifies the table operator and the 
calling party at the same time. 

Attached to plate J by a short wire, is a plate S, upon 
which the table operator can touch his telephone cord and listen. 

Thus it will be seen that the duty of the answering operator 
is confined to answering the calls at board A, and plugging the 
two parties in a pair of strips at C, as described; and it is the 
duty of the table operators to see that the parties “ get together.” 
If the first call does not suffice, the table operator, by moving , 
the switch H back to plate K, calls again. 

When the parties have finished their conversation, they are 
disconnected, as follows: | 

Below the switch H, is a key, U, in the following circuit: 
Battery or power generator B, key U, wire W, disconnecting 
drop D, and wire W, back to B. 

For each pair of connecting strips there is, in a frame near 
the board C, a disconnecting drop like D. 
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-The table operator presses key U, dropping the disconnect- 
ing drop D, which notifies the disconnecting operator to take 
the parties out of the strips numbered the same as the drop. 

At the same time, as before shown, the fall of the drop D 
having broken the generator circuit at M, by striking the lever 
Z, the table operator can at once restore the switch H to the 
point K, without ringing the second party again. 

The disconnecting operator will not restore the drop D until 
he has disconnected the parties. 

Notice of a desire to be disconnected may be given by a sub- 
scriber by ringing out, which will be received on annunciator Q 
by the table operator; or the latter may, by Hotening, ascertain 
when they have finished. 

This system is also practical for exchanges which have sev- 
eral subscribers on each wire. At Milwaukee about twenty 
per cent. of the lines have more than one station, and the 
signalling is as perfect as though all were single wires. 

Thus it will be seen that the operators are divided into 
three classes, answering, table, and disconnecting; and that all 
communications between them are by silent electric signals 
which cannot be misunderstood; and that except the low talk- 
ing of the operators, answering the calls of the customers, not a 
word is spoken. 
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Fig. 193 shows the form of the Williams switch board, with 
_ a hand telephone and Blake transmitter in position. It is com- 
posed of an upright and an inclined board, upon both of which 
are arranged connecting strips in series of four. Between the 
two boards are the annunciators. 

The connections are made by inserting plugs into horizontal 
connecting bars studded with holes. These bars are divided 
into sections of four, and the bars of each section are connected 
with the corresponding bars of the other tables, and in this 
manner the connections between the different tables are provided 


for. 
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When a plug is inserted in one of the openings in the hori- 
zontal strips, its extremity forms a connection with a subscrib- 
er's line, whose course is vertical or at right angles to the hori- 
zontal strips. The point of the plug forms connection with the 
subscriber’s line, not by entering a hole, but by entering between 
two springs, inclined toward each other in V fashion, and forming 
contact at their extremities; so that, instead of the line strips 
for the subscribers’ lines, we have an arrangement resembling 
several letters V assembled together so as to come in contact at 
their outer margins, the apex of each V being in line with one 
of the plug holes on the horizontal or connecting strips. 

Each vertical row of plug holes corresponds, therefore, to a 
subscriber’s line, which enters the switch board through a spring 
jack placed on the lower margin of the table. The line divides 
into two branches there, one of which goes to the V shaped line 
of the upright portion of the switch board, while the other is 
connected to the-inclined portion, first passing through its an- 
nunciator. A plug inserted in the lowest horizontal strip, which 
is connected to the ground, serves to ground each line. 

When an annunciator drops, the operator loops her telephone 
into the circuit by inserting a jack knife with flexible cord con- 
nections. The number required being ascertained, the jack 
knife is inserted into the spring jack of that number, if it is on 
the same table. The jack knife is provided with a key and an 
extra line from the ground through the generator, so that on 
pressing the key the subscriber is called. 

If the subscriber wanted is on another table, then the operator 
calls the operator of that table. This is done through a 
special circuit extending from a special spring jack on the under 
side of the margin of the table (not shown in the figure), which 
circuit includes an annunciator. Ordinarily this circuit is closed 
at the spring jacks of both tables. When the first operator in- 
serts her jack knife into the special spring jack, she loops her 
telephone into this circuit. Now, by pressing the key on the 
jack knife, she closes the circuit through her generator, and the 
annunciator at the other operator's table is dropped. The latter 
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loops her telephone in also, by inserting the jack knife into the 
special spring jack, and on ascertaining the number of the sub- 
scriber wanted, she signals him and then takes out the ground 
plug corresponding to his line, to insert in some one of the con- 
necting bars which is in connection with a corresponding bar on 
the first operator's table. If the first operator has not already 
inserted the ground plug of her subscriber into this bar, she pro- 
ceeds to do so, and the communication is then established be- 
tween the two subscribers. The jack knife of the first operator 
is usually placed in the spring jack corresponding to the first 
subscriber, so that her telephone remains looped in, and she may 
listen until the conversation is ended, after which she discon- 
nects. It need scarcely be said that there are as many special 
spring jacks as are necessary to enable each operator to commu- 
nicate with every other. 

Fig. 194 is a sectional view, showing four connecting strips 
on cach board. Upon the back and under sides of the board 
are placed tlie line strips. These are composed of metal springs 
arranged so as to normally press their free ends together as 
shown, and so form a continuous connection. The spring jack, 
e', e', and wedge, H, shown on the front edge of board, are used 
to loop in an operator’s telephone and transmitter, and also for 
signalling a subscriber. 

The line circuit enters at L, connecting with spring jack, e e', 
to line strip, C, on the upright board, a branch running through 
an annunciator, D, to the line strips on the inclined table, reach- 
ing the earth through the ground strip, f by means of the 
plug, P, which normally rests therein, and connects the strip 
to the line. 

To call up a subscriber, insert the wedge into the spring 
jack, and signal with the central office generator. To connect 
two subscribers, the plugs, P, P, of the two lines which are 
withdrawn from the ground plate, /, are passed through the 
holes of a common connecting strip, B, pressing between the 
springs, d, of the line strip, C, and making electrical contacts 
therewith. When the operator wishes to put the listening tele- 
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phone into any circuit, the wedge, H, is inserted in spring 
jack, d e. 


THE SWISS TELEPHONE SYSTEM. 


The Swiss telephone system is patterned largely after Ameri- 
can methods. The wires are run overhead, and issue from the top 
of the central office building, generally through a kind of cupola, 
around which, at a distance of a few inches, is built the large 
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frame studded with insulators thatis characteristic of American 
exchanges. Sometimes in large exchanges, there are two or 
more of these wire cupolas. From the frame around each 
cupola the wires radiate in large bundles or arteries of from 30 
to 120 wires, which take different directions, and from which 
the individual branches going to the subscribers’ stations in a 
given district are given off. The wire used is galvanized 
steel, of No. 12 gauge. This wire can bear a strain of from; 
800 to 900 lbs., and can be twisted and does not stretch beyond 
two per cent. of its weight at the outside, even when under the 
greatest strain. Its resistance, however, is rather high. being 
about 100 ohms per mile. 

In order to avoid kinks, some precautions are necessary in 
running the lines with this wire, because of its comparative 
rigidity. Itis usually fed out from reels, and the splices are 
never made near any insulator, but usually at a distance of 25 or 
30 feet from it. As it 1s not expedient to make the twist 


Fig. 195. 


joint with this steel wire, the English splice, fig. 195, is used. 
The end of each wire is bent at a right angle, and the two ends 
are made to overlap, and are then wound around with a soft 
iron wire, after which the joint is dipped in melted solder. The 
wires are never stretched beyond a strain of 125 lbs., the sag 
being purposely made so great on account of the severe climate 
of this Alpine country, which causes powerful contractions m 
the wires. The supports of the lines are placed at an average 
distance of 800 feet apart,-though in some cases this distance 
may be reduced to 100 feet or extended to 1,000 feet or more. 
The supports are composed of vertical posts of quarter inch 
angle iron, two or three inches in width, between which the 
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horizontal pieces that hold the insulators are disposed. There 
are usually six of these, made of T-iron of suitable size (about 
2 x8 in.), and each one carries from eight to ten porcelain insu- 
lators screwed into studs projecting from them at a distance 
apart varying from 12 to 20 inches, according to the length of 
spans, the latter separation being made when the span exceeds 
600 feet. 

The number ot lines accommodated by each frame is, there- 
fore, from 48 to 60. The vertical posts of the frame are each 
provided with two legs, which stride over the ridge of the roof 


of the building in the well known manner. The frame is placed 
in a parallel line with the ridge of the house whenever it is pos- 
sible, without deflecting the course of the lines too much, but 
the frame is sometimes placed obliquely over the roof, which 
can be done bya suitable change in the legs of the vertical 
posts. To protect the shingle or the slate covering the roof, a 
cushion of tarred cloth filled with mineral wool is interposed 
between the legs of the posts and the roof. Usually the legs 
are not made fast to the roof, the frame being preferably secured 
in place by means of stay ropes or wires fixed to the beams of 
the roof. This enables them to be taken away and placed in 
other locations with more ease and rapidity, while it also tends 
to irritate the proprietor of the house to a less degree than the 
American habit of driving long spikes or bolts through the roof- 
ing. The use of iron instead of wood for the frames is an ad- 
vantage on the score of durability, but its weight appears to be 
objectionable. The weight of an iron structure like that just 
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described is about half a ton, and when to this is added the 
weight of wires spanning 300 feet or more, besides the strain 
under which they are mounted, it looks as if it would be a les 
crushing imposition on the proprietor of the house to use a 
lighter material, as is generally done in America. However, if 
the Swiss houses and their owners can stand the load, our ob- 
jections have no weight 

As the lines extend further and further from a central station, 
all the time giving off branches in all directions, they diminish 
in number, and then, instead of two vertical posts to support the 
cross beams, only one is used, which is fastened to the gable 
end of the house, or else a post may be used. The arrangement 
now becomes more nearly analogous to a telegraph line. In 
those parts where the wires are subject to annoyance from hum- 
ming, devices are used to remedy the difficulty. The method of 
entering the subscriber’s place recalls the way in which such 
installations are made in this country —that is to say, the line 
descends vertically from an insulator placed on top of the 
building, to a second insulator placed near the point of 
entrance. As cach subscriber is placed on the end of his line, 
only one wire is thus laid instead of two, as in our American 
systems, where oftentimes two or more stations are looped in on 
the same circuit. Whenever it is possible, the entrance is 
effected from the rear of the building, so that the wires may be 
out of sight as much as possible. The rigid steel wire cannot 
be made to bend around cornices and other projections, and a 
soft iron wire is generally used for this portion of the circuit. 
The line properly ends at the subscriber’s station, the return 
circuit being through the ground. 

In every case, whenever the house on which a wire-support- 
ing frame is placed is protected by a lightning rod, the frame is 
always placed in connection with. this lightning rod. Whereno 
lightning rods exist, the frame is provided with a suitable earth 
connection, and it thus becomes itself a lightning rod, which 1s 
all the more effectual from the fact that each wire it supports 
affords an avenue of escape to the lightning discharge, because 
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a lightning arrester is placed in every subscriber's station. 
According to our observation, the cases of dangerous lightning 
discharge take place in the open country, and scarcely ever in 
cities, and lightning rods could as well be dispensed with. But 
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Fig. 197. 


it is expedient to provide these precautions against lightning to 
satisfy public anxiety. 

At the central office, the wires leading from the switch board 
to the wire cupola are provided with lightning arresters of a 
peculiar pattern, specially designed by M. Rothen, and shown in 
perspective in fig. 196, and in section in fig. 197. These lightning 
arresters are of the plate type used in Germany, but in this case 
they are arranged so as to accommodate several circuits, for the 
upper plate is replaced by a number of narrow blades, b a, tig. 
196, B, fig. 197, which are firmly secured to pieces of insulating 
material A 2, by nuts m m, each blade being about 4 inches long, 
half an inch wide and an eighth of aninch thick. Their lower 
surface is grooved lengthwise, as seen at C, fig. 197, so as to pre- 
sent aseries of ridges. Each of these blades is in connection with 
one of the line wires, and the lower plate g, which is long 
enough to extend across the whole series of upper blades, is 
connected to the ground. The lightning discharge entering the 
central office on any wire would escape from the ridged surface 
of the blades b a connected with this wire, to the ground-plate g, 
whose surface is also grooved similarly, but at right angles to 
the grooves in the upper blades) The ridges of the blades, 
therefore, cross those of the ground-plate, and thus a large num- 
ber of discharging points is produced, the separation between 
which is regulated by the nuts m m, that serve at the same time 
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as binding posts. Usually, these lightning-arresters are placed 
in the dome and above the openings of the cupolas on top of 
the building, or else in the sides of the wire conduits leading to 
the operating room, when there is sufficient space to receive 
them. The wires leading from the lightning-arresters to the 
switch boards in the operating room are of copper of No. 18 
gauge, with double paraffined cotton insulation, and are stretched 
parallel to each other, in layers of fifty, the number destined to 
each operating table. These layers of wire all rundown a shaft 
which leads to the operating room, and generally enters it at the 
centre of the ceiling, from which point each set of fifty radiates 
in the direction of the operating table intended to accommo- 
date it. 

The Gilliland switch board is that adopted for the Swiss tele- 
phone service, each table (fig. 198) being arranged for fifty sub- 
scribers. It consists of a tall vertical stand. Atthe upper portion 
is a space occupied by the fifty annunciator dials, and imme- 
diately below is a space for the fifty switch openings that 
serve to make the connections between the subscribers’ lines. 
The fifty annunciators and switch contacts are both disposed in 
ten horizontal rows of five eaeh. Below these is a row of an- 
nunciators, like those above, but intended for a special function. 
Finally, below these there is a small table, on which are ar- 
ranged two rows of contact-keys, one containing five keys, and 
the other containing ten. This table also supports ten movable 
plugs, whose connecting cords pass down below and are stretched 
by small weighted pulleys. 

The annunciators (fig. 199) are arranged similarly to those of 
the Lartigue-Brown system of Paris. The disk a, which normally 
covers the annunciator number ¢, is held in its upright position 
by a horizontal arm b, moving with the armature of the mag- 
net e in bell-crank fashion, on the pivotal joint 1 When 
the subscriber signals, the current causes the electro- 
magnet e to attract the armature, and the disk a being re- 
leased, swings down until it strikes against a stop g, thus 
uncovering the annunciator number. In falling down the disk 
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moves the spring f into contact with the end of the screw h, 
thereby closing a circuit through the signal bell that informs thie 
operator of the call made by the subscriber. This bell is 
placed by the side of the switch board. Each of the plug holes 
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Fig. 199. 


or switching openings of the switch board is so arranged that 
by inserting one of the ten plugs above mentioned, the circuit 
existing is broken, and a new one is closed simultaneously. Fig. 
200 shows one of the plug holes in longitudinal section. From 
each plug hole a metallic stem extends through the switch 
board to a threaded portion, e, provided with two nuts fg, having 
contact washers between them, and which serve to establish 
connection with the subscriber's line. The nut f also serves to 
hold the end of a bent spring c, the free end of which normally 
bears against the point of a screw A, passing through a piece of 
ebonite. This screw is connected with the electro-magnet of the 
annunciator corresponding to this plug hole, the other end of the 
electro-magnet being connected with the ground. Thus it is 
seen that as long as there is no plug inserted in the plug hole, 
the annunciator is included in the circuit of the subscriber, the 
circuit from the line being through the spring c and screw h. 
But when a plug is inserted in the hole, as shown by the dotted 
lines, the spring is moved away from contact with h, while the 
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plug itself forms a contact with the spring, and consequently 
with the line wire connected at fg. By means of the connecting 
cord attached to the plugs the line may be connected with an- 
other line by inserting a plug into the switching contact corre- 
sponding to the line in question, provided the two plugs are 
connected together. 

The contact keys on the small table can be used for differ- 
ent purposes. After one of the plugs is inserted, the circuit of 
the subscriber is open, and the inner row of five keys is pro- 
vided to enable the operator to temporarily close the circuit to 
the ground. The second row of ten keys is provided so that 
the circuit may be interrupted for the purpose of signalling to 
either of two subscribers connected together after their two 
switching contacts are connected together by two plugs and the 
connecting cords. The two upper portions of the switch board are 
entirely distinct from the two lower portions, but they become in- 
directly connected to them by the operation of connecting two 
subscribers together. The apparatus of the two lower portions 
is arranged into five sets, each of which forms a complete and 
distinct whole, and to which corresponds a telephone. Fach set 
comprises the electro-magnet of one of the annunciators in the 
lower row, the two plugs which are nearest to this annunciator, be- 
sides the two outer contact buttons immediately in front and the 
single contact button behind and between them. 

In order to explain the operation of the system, we will sup- 
pose that subscriber No. 12 (fig. 198) wishes to speak to 
subscriber No. 46. Subscriber 12 sends a signalling current (in 
some cases continuous and in other cases alternating), which 
drops the annunciator disk, and the operator, hearing the signal 
bell, immediately puts the plug of the second row into switch- 
ing hole No. 12, which interrupts the signalling current. The 
operator's telephone at the same time becomes added to the cir- 
cuit, and by pressing the second rear (froin the left) contact 
button the circuit is closed, and the operator can ascertain the 
wants of subscriber 12. On being requested to connect with 
46, she takes the next plug and puts it into switching hole No. 
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46. By pressing the right-hand one of the two front contact 
keys, she closes the circuit of subscriber 46 and rings his bel. 
A moment after she presses the rear contact button again, which 
establishes telephonie communication between her telephone aud 
circuit of No. 46, so that she may inform him that No. 12 
wishes to speak with him. As soon as the attention of the lat- 
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Fig. 200. 


ter is secured, she releases the contact button, and the two 
subscribers can then speak together. When the conversation is 
ended, either subscriber sends a signalling current, which causes 
the annunciator of the lower row corresponding to the connection 
to drop and thus notify the operator to disconnect. Fig. 201 
is a diagram of the circuits and their connections in the example 
just cited. The lines mg ng of the two subscribers enter at the 
back of the switch board by their connection with the spring of 
the plug hole m, n, touching the screw (fig. 200), which is 
joined to the annunciators m n, suitably connected to the 
ground. The signal circuit s, for calling the attention of the 
operator, is closed when the spring is pressed against the con- 
tacts m, n, (fig. 201). On inserting the plug c into m,, the 
annunciator m is cut off and the line extended to e, and thence 
through one coil of the annunciator a of the lower row (fig. 198). 
On pressing the rear key or button b (fig. 201), the telephone T is 
brought into the circuit. On pressing the right-hand front key 
f after the plug d is inserted into ng, the signal battery g is 
brought into play to signal the subscriber. It can be readily 
seen, also, that the annunciator a will be dropped with equal 
ease, whether the impulse of current is sent from m, or from ng. 
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The switch board adopted by the Swiss service will accommo- 
date fifty subscribers only. As the number of subscribers to the 
majority of the exchanges is greatly above fifty, it is necessary to 
use a large number of switch boards, and to provide means of 
communication between each. This is accomplished by the plug 
holes seen on the margin of the switch board stand at the right 
side of the middle portion. Each switch board is thus provided 
with a series of plug holes numbered from 1 to 10, and all the holes 
of the same number in all the switch boards are connected to- 
gether by conductors. Consequently, in order to connect two 
switch boards together, it is only necessary to insert a plug into 
the hole of the same number at both switch boards. If, for in- 


Fig. 201. Fig. 202. 


stance, subscriber 89 is to be connected with 457; the operator 
of the switch board having the first fifty, places the plug in No. 
39 and the other plug of the same set into a hole at the right 
hand side, we will say, No.1. At the same time the operator 
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of switch board 451-500 inserts a plug in No. 457 and the 
other plug of the same pair into the right hand hole No. 1. To 
simplify the operation, a connecting cord having a plug at both 
ends may be used at the second switch board to establish a 
direct connection between 1 and 457, and then the connection 
is the same as if the two subscribers were on the same switch 
board. 

The signal bells ordinarily employed for the subscriber's sta- 
tion work with alternate currents, just like those used in Ameri- 
can exchanges. In many American exchanges a large dynamo- 
electric generator which furnishes alternating currents is used. 
In other cases the current from a battery is rapidly reversed by 
an uutomatic contrivance, In Switzerland the latter method is 
used exclusively and the reverser used (fig. 202) is essentially 
the same as that to be seen in some of our American exchanges. 
To enable those not familiar with this apparatus to understand 
its Operation more easily, we present a diagram (fig. 208), show- 
ing the arrangement of the circuits. It consists of a pendulum 
carrying an armature polarized by a permanent magnet above 
(fig. 202), which armature is alternately attracted by the electro- 
magnets placed on either side of it. The pendulum controls two 
sets of contacts which correspond to two distinct circuits, one of 
which includes a local battery and serves to cause the motion 
of the pendulum, the other being that of the battery whose 
current is to be reversed. In order to show the operation 
of each circuit more clearly the diagram is divided in two, 
the upper portion representing the local circuit and the lower 
portion the reversing apparatus proper. The current of the local 
battery c divides at b into two equal branches, passing through 
the electro-magnets č and & and going to springs fg respectively, 
that rest against a fixed contact 4, connected with the other pole 
of the battery. If the pendulum (shown in section at d) is swung 
either way, say to the right, it will move the spring g out of 
contact with A, and the whole current will now pass through the 
other magnet, t, whereby the pendulum will be moved in the 
opposite direction, only to cause the other spring, f, to move 
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out of contact and to bring about a reciprocating action by the 
magnet k. In the second set of contacts the springs u n are also 
moved alternately away from r by the swinging pendulum c. 
The reversing function will be easily understood. Supposing 
b to be the positive pole of the battery, and the pendulum e to 
be at the right, then the positive pole is in connection with 
the line. When the pendulum swings to the left, on the con- 
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trary, the negative pole is to line, and the rapid reversal makes 
the current alternating. Let us follow the course of the cur- 
rent in both cases. In the first case the circuit is from b to 1m, 
to n e p, to and over the line (at e, fig. 201, the signal key e or 
J being depressed), returning through ground to v, and proceed- 
ing to r u t, and to the negative pole s. In the second case we 
have bm n r v, the ground, the line back to p, thence toe u és. 
The batteries used are of the ordinary gravity type. 

The telephone apparatus used by each operator in the central 
office requires no special description. It consists of a transmit- 
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ter supported at a height convenient to the operator's mouth, 
and below this is a supporting device for the receiver, which is 
so disposed that it permits a large range of motion to adapt it to 
any position preferred by the operator. 


The apparatus used at the subscribers’ stations is characteris- 
tically American, for it is nothing more than the familiar mag- 
neto box with automatic switches, worked by the weight of the 
telephone depending from a forked lever. The accompanying 
diagram (fig. 205) establishes this similarity. K is the fork of 
the lever a, which, when held down by the weight of the tele- 
phone, closes the line at c through the bell G and through the 
spring w (which short circuits the magneto-generator M 
I), and thence to the ground. The bell G is made so as to work 
generally with alternate currents, because it is then more sensi- 
tive, on long circuits, though sometimes it is constructed so as 
to work with continuous currents. In either case the resistance 
is about 100 ohms. The generators have a resistance of 500 
ohms, and they give an electro-motive force of about 45 volts 
When the magneto-electric generator is used, the spring u is de- 
pressed by the knob so as to open the shunt around the arm- 
ature. This knob is now dispensed with, as a general rule, in 
the American magneto-generator. 

When the telephone is taken off the hook K the lever a moves 
upward and comes against the contact strips b, whereby the local 
circuit through the battery, the primary coil of the inductorium, 
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and the microphone transmitter M is closed, while the second- 
ary coil I of the inductorium and the receiver T become in- 
cluded into the lines. The lightning arrester used at the sub- 
scriber’s station is not of the serrated edge kind with which our 
American apparatus is provided, but is of a special form, of 
the plate description before referred to, and is shown in fig. 
204. 

The telephonic transmitters adopted by the Swiss service are 
of various types, viz., the Blake, the Theiler, the Ader and the 
Berliner. According to M. Rothen they each have their merits 
and demerits. The Blake transmitters give purer and clearer 
articulation, but they get out of order easily. They require only 
one cell of Leclanche battery. The Theiler transmitter is less 
delicate, and does not fry as readily as the Blake, but the voice 
is not reproduced as clearly or as loudly, and two or three Le- 
clanchecells are required. With the Ader transmitter, the voice 
is weaker but distinct, and this transmitter is least subject to 
frying. It requires four Leclanche cells connected in multiple 
series of two. Finally, the Berliner transmitter, which requires 
but one Leclanche cell, is very good, and while the voice is 
not quite as clear and distinct as with the Blake transmitter, it 
is much less liable to fry and get out of order. 
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In some cases the subscriber uses continuous currents to call 
the central office, and this requires a local battery of six cells or 
more. Owing tothe cost and inconvenience of this arrangement, 
the magneto is preferred by the administration. 

In special cases a station may be provided with accessory ap- 
paratus, such as additional bells, so that a call may be heard in 
different parts of a building or even outside. The form and 
function of the apparatus of course varies according to the pur- 
pose to which it is to be applied. One form of apparatus of 
this kind, the indicator bell, is worthy of special mention. It is 
used when the subscriber, a merchant, for instance, desires facil- 
ities such that he can be placed in connection with the central 
office or with his business establishment. The apparatus de- 
signed by M. Rothen (fig. 206) consists of a box provided 
with two annunciators, and a three-way switch to be operated 


l i an Ze 


by hand. Fig. 207 is a diagram of the connections between 
the binding posts and the contact segments The switch lever is 
composed of two pieces, a b, insulated from each other. The 
apparatus is placed near the telephone apparatus proper. Sup- 
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posing the subscriber's house and place of business to be on the 
same line, when the switch is in the vertical position shown in 
the figure, the central station can call the intermediate station, 
‘and vice versa. In this situation the distant station can also 
call the intermediate station ; the right-hand annunciator drops 
(I H), and closes a local circuit which rings a special bell. 
The midway station, by turning the switch on contact II (g h, 
fig. 207), reverses the connection, and it is then in connection 
with the distant station in the same manner as if the central 
station were not connected. If, now, the central station calls, 
the right-hand annunciator will again drop and cause the special 
bell to ring. When the remote station wishes to communicate 
with the central office, the midway station switch is placed on 
contact D, by which the apparatus of the midway station is ex- 
cluded from the circuit, with the exception of the annunciator 
D, which is made to drop by an impulse of current when the 
conversation has ended, This switch system just described may 
he applied to multiple connections made from a midway station, 
just as if this station constituted a small central office, in which 
case there are as many annunciatiors as there are lines con- 
nected, and the switch is replaced by a Swiss switch board with 
connecting cords. The apparatus is modified to suit the con- 
venience and wants of the subscribers, the government service 
being well disposed to favor its patrons in this respect, though 
of course, the expense is borne by the subscriber. 

The Swiss system patterns after our methods in many re- 
spects. In many points we have progressed on this side of the 
Atlantic, particularly in the matter of switch boards, in which 
direction the efforts of inventors to improve never cease, and 
with the ultimate adoption of automatic exchange systems, to- 
ward which we are now progressing, the Swiss system would 
suffer greatly by contrast. The Swiss system has its advan- 
tages, and in a country where the patrons of the telephone are 
not so exacting and impatient as ours, it will, doubtless, give 
complete satisfaction, while it has the great merit of being uni- 
form throughout the country. 
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THE GILLILAND APPARATUS. 


In the description of the Swiss Telephone system we have 
illustrated (fig. 198) and described one of Gilliland’s switch 
boards. Fig. 208 is a general and fig. 209 a sectional view of 


the Gilliland standard switch board, which is very extensively 
used in America. 
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Fig. 209. 


The crimped strips (fig. 209) extending from the front to the 
back in groups of ten, are line strips. Those running parallel 
with the front in groups of five are connecting loops. Loop 
strip B is used to ground all lines. Loop strip C is connected 
with the generator. Loop strip D is used for plugging into tele- 
phone strip. Line strip L is connected with the telephone. 
Group E is for making connections, which originate and end 
on the board. Plugs H and I show Nos. 4 and 7 as connected. 
Group F is for making connections which originate on this 
board and end on another. Plug G shows No. 9 as having 
called and connected with a number on another board. 
Groups A, 3, 4 and 5 are for making connections when a 
number on another board calls for a number on this board. 
Each group represents another board, but the connections of 
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the board are so run that should more than five connecting loops 
be needed for one table, loops may be borrowed from another 
group. Plug N shows acall originating on another board con- 
nected with No. 5. The operator can always listen by plugging 
in on L at any loop desired. When notin use all lines should 
be grounded by plugging them on ground strip B. 
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Fig. 210 shows the Gilliland switch board for twenty wires, 
which constitutes a complete telephone exchange switch fora 
small number of wires, being designed for factories, charitable 
institutions, railroad offices and the club system of small towns 
and villages, The operation of the board consists simply in in- 
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serting plugs into the line and Joop strips of those desiring to 
be connected, and whose wishes are made known by the fall of 
the annunciator drop. 
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Fig. 211 represents Gilliland’s cabinet set, designed for use in 
private residences. The cabinet is provided with drawers, in 
one of which the battery is placed, and is so arranged as to be of 
easy access for cleaning and replacement. 

Fig. 212 represents the Gilliland standard bell. The generator 
has a powerful compound magnet and an armature of the Sie- 
mens form, wound with a fine silk covered wire, and is able to 
ring a bell or cause an annunciator drop to fall through 15,000 
ohms resistance. The ringer has two helices, and a soft iron arma- 
ture. To the latter is attached a small brass rod with a ballon the 
end, which is visible between the bells in the cut. When the 
current is generated from either end of the circuit, a vibratory 
motion is imparted to the armature and rod, causing the ringing 
of the bells by the motion of the ball. The automatic feature, 
which was designed by Mr. Gilliland to do away with the push 
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button device, is a simple arrangement, consisting of an arm at- 
tached to the driving wheel of the generator, so that the current 
is shunted directly to the ringer instead of passing through the 
high resistance of the armature and generator, thus increasing 
the power of the latter and avoiding the necessity of the sub- 
scriber using both hands in calling. 


When the telephone is not in use, it is hung between the 
forked end of a gravity switch, as seen in the cut. The weight 
of the telephone throws the lever upward to a contact with the 
flat spring connections, so as to cut it entirely out of circuit, 
leaving only the magneto engine and ringer or call bell in cir- 
cuit. Attached to this telephone hook is a coil spring, which, 
when relieved of its tension, cuts out the engine and call bell, 
and thus leaves the telephone only in circuit. The magneto 
call bell is provided with an improved lightning arrester 
that has proven quite successful. The apparatus is so con- 
structed that every part is in sight and can be readily 
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removed and replaced; the engine being enclosed in the 
box, and the ringer and hook placed on the lid, which, 
on being opened, exposes the whole combination. The connec- 
tions are composed of copper strips with soldered joints, with 
binding posts for line, microphone and ground on the top of the 
box, the connecting wires being run in grooves on the back 
side of the wall board. 


Fig. 213. 


Fig. 213 represents Gilliland’s annunciator drop for switch 
boards. It is so constructed that it can be used on a closed or 
open circuit, and is capable of delicate adjustment. It is readily 
operated by a magneto generator through a resistance of several 
thousand ohms. The magnets are wound to a resistance suit- 
able for both battery or magneto currents. 


THE JONES APPARATUS. 


The Jones apparatus is applicable to either magneto or battery 
signals. Every line has one terminal in a central or branch 
office. The lines are arranged in groups of fifty or more, and are 
brought to a separate operating table. Each table is in charge 
of an operator, who sits before it. 

Fig. 214 shows one table complete with forty drops and a 
transfer arranged for four tables. The drops are fastened be- 
tween the shelves by four screws, and any drop may be re- 
moved in an instant. New drops may be added at any time by 
simply screwing them on in position. The drop is very com- 
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Fig. 214. 


plete, containing all the apparatus employed between the line 
and the ground wire. At the right is the cord holder, where 
cords hang when not in use. F is a plug socket, to use by in- 
serting a plug connector, instead of holding over the crank, when 
the operator wishes to hold a prolonged conversation or when he 
wishes to call or converse through the transfer. The spring 
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lever L, in its normal position, is in connection with the tele- 
phone. When pressed down, it is in connection with the gen- 
erator. 

Fig. 215 shows a side view of one of the drops fixed between 
two shelves of the table. D being a target which falls when a 
call comes in from a subscriber. The target is reset when the 


Fig. 215. 


crank is turned for telephoning by the aid of the brass slide and 
the short arm on the right of the crank, as shown in cut. On 
the top of each shelf three strips are fixed, which are perma- 
nently connected up as follows: G to the ground, E to one side 
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of generator, T to one side of telephone. The other sides of 
generator and telephone are connected to the ground. The in- 
coming line is connected at the binding post C. The circuit 
passed thence through the coils of the metal work of the frame, 
thence by spring jack O to ground wire. All the movable parts 
about the frame have rubbing contact, insuring complete circuit. 
When a call comes in the crank is pressed to the right. A small 
eccentric on the same shaft with the crank lifts the spring jack 
O, breaks the ground connection and makes a new connection 
through wing S to the generator strip, and sends signal currents 
to the line in answer to the call. 

The same operation is performed in calling a subscriber. 
Some exchanges do not have their subscribers wait for an an- 
swer to this call, but instruct them to take down their telephone, 
and listen after giving the signal, as the operators are supposed 
to be always on duty. In that case, the operator, after receiving 
a signal, simply places the crank N to left, thereby lifting spring 
jack O again, and making connections with the other wing, at 
S, to the telephone, and at once communicates with subscriber. 

When the crank N is not pressed upon, it stands vertically, 
and the spring jack O contacts with the ground strip. A spring 
holds it in this position. If the plug of a connecting cord be in- 
serted in the socket U, the plug will lift the spring jack from 
the ground strip, and the circuit will then be through the cord, 
whose other end may be plugged to another drop or to the 
transfer. 

The drops are restored to their normal ground connection by 
simply pulling out the plugs. If the operator desires to listen, 
in order to test, when two drops are connected by a cord, he 
presses crank N of either drop to the left. This puts his tele- 
phone in connection with both parties. 

Upon the top board of the table, transfer sockets are arranged 
in groups of nine, and numbered from one to nine, each group 
being designated by a color or a letter, as red, white, blue; A, 
B, C, ete These sockets are simply metal holes which receive 
the cord plugs, and each has a binding post behind the board. 
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Each plug socket in each group is connected to the correspond- 
ing socket in the corresponding group on each table in the ex- 
change; for instance, No. 1 red socket is connected by wire 
with No. 1 red socket on each of the different tables. 


THE MULTIPLE SWITCH BOARD SYSTEM. 


The two most important requisites in switch boards for large 
telephone exchanges are speed and economy, and these go to- 
gether; for whatever tends to reduce the amount of work to be 
done, also enables the operators to do it quickly, and therefore 
diminishes the cost of the work. This desirable result seems to 
be met with in a high degree in the multiple switch board, 
which is based upon the idea of having each operator reach all 
the subscribers’ lines in an exchange with one motion for each 
line, and of having each operator do all the work involved in 
effecting the connecting and disconnecting of two subscribers ; 
there being no repeating of orders, either by word of mouth or 
by tickets. An operator has a certain number of subscribers 
whose calls he answers. When one of these subscribers has 
called for a connection with any other subscriber of the ex- 
change, the operator who takes the order makes the connection 
of the two lines instantly and rings the bell of the subscriber 
wanted. When the conversation is finished the same operator 
who connected them together receives the notice from the sub- 
scribers to disconnect, and then disconnects the lines, This is 
all done by the operator without moving more than a step, and 
it would be hard to imagine a system more simple or more 
easily manipulated. 

One switch board of the multiple system is composed of— 
1st. A certain number of spring jacks, one for each line, cen- 
tring at the exchange. 2d. A number of annunciator drops. 
Two hundred is the number now commonly agreed upon as 
suitable for one board. Two operators are expected ordinarily 
to do all the work for two hundred subscribers) 8d. A number 
of pairs of connecting cords, each with suitable keys and con- 
nections for the operators’ telephone, the apparatus for ringing 
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subscribers’ bells, and the clearing out drops. Fig. 216 repre- 
sents one of these multiple switch boards for an exchange of 
1,200 subscribers. It has 1,200 switch openings or spring jacks, 
one corresponding to each line. The connections between the 
spring jacks are made in a manner nearly identical to that 
of the switch board described on page 277. The connecting 
plugs are in pairs and hang down from the upper or project- 
ing portion of the switch board, and the weighted pulleys 
which stretch the connecting cords are disposed above instead 
of below the spring jacks. The two plugs of each pair are placed 
in front of each other, so that only one is seen in the figure. It 
will be seen that there are thirty pairs, numbered from one to 
thirty, and to each pair corresponds a clearing out annunciator. 
Instead of pulling the plug up, it is pulled down, to make con- 
nection. Any pair may be used to make the connections. Thus, 
for instance, the pair No. 9 connects a spring jack in the second 
block of a hundred with a spring jack in the twelfth, as shown 
by the dark lines, which represent the connecting cords. For 
each pair of plugs there is a switch lever on the projecting 
table leaf below, and to each set of five pairs is a set of calling 
keys. Although each and every line centring in the exchange 
has a spring jack in the switch board, yet the two operators 
placed in charge of it are not expected to answer the calls for 
the whole 1,200 subscribers, Each switch board is intended to 
accommodate only 200 subscribers) In an exchange of 1,200, 
six switch boards like that shown in fig. 216 would be required. 

The spring jacks, fig. 217, are of the ordinary description used 
in the standard switch board, except that the spring is insulated 
from the frame of the jack, and the connection is also made by 
inserting a plug which opens the connection between the phos- 
phor bronze spring and the insulated screw. The spring jacks 
are mounted on bases, and form blocks or sections of one hun- 
dred (5 X 20), the section being 15 inches long and 5 inches 
wide. The sections may be removed independently of each 
other, and new ones may be added at the top as the exchange 
grows. 
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subscribers’ bells, and the clearing out drops. Fig. 216 repre- 
sents one of these multiple switch boards for an exchange of 
1,200 subscribers. It has 1,200 switch openings or spring jacks, 
one corresponding to each line. The connections between the 
spring jacks are made in a manner nearly identical to that 
of the switch board described on page 277. The connecting 
plugs are in pairs and hang down from the upper or project- 
ing portion of the switch board, and the weighted pulleys 
which stretch the connecting cords are disposed above instead 
of below the spring jacks. The two plugs of each pair are placed 
in front of each other, so that only one is seen in the figure. It 
will be seen that there are thirty pairs, numbered from one to 
thirty, and to each pair corresponds a clearing out annunciator. 
Instead of pulling the plug up, it is pulled down, to make con- 
nection. Any pair may be used to make the connections. Thus, 
for instance, the pair No. 9 connects a spring jack in the second 
block of a hundred with a spring jack in the twelfth, as shown 
by the dark lines, which represent the connecting cords. For 
each pair of plugs there is a switch lever on the projecting 
table leaf below, and to each set of five pairs is a set of calling 
keys. Although each and every line centring in the exchange 
has a spring jack in the switch board, yet the two operators 
placed in charge of it are not expected to answer the calls for 
the whole 1,200 subscribers. Each switch board is intended to 
accommodate only 200 subscribers. In an exchange of 1,200, 
six switch boards like that shown in fig. 216 would be required. 

The spring jacks, fig. 217, are of the ordinary description used 
in the standard switch board, except that the spring is insulated 
from the frame of the jack, and the connection is also made by 
inserting a plug which opens the connection between the phos- 
phor bronze spring and the insulated screw. The spring jacks 
are mounted on bases, and form blocks or sections of one hun- 
dred (5 X 20), the section being 15 inches long and 6 inches 
wide. The sections may be removed independently of each 
other, and new ones may be added at the top as the exchange 
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The spring jacks are numbered from 1 to 1,200 on each of the 
six switch boards, and all those of the same number are con- 
nected together. Thus the line, A (fig. 218), passing through 
the lightning arrester, goes to the spring of the jack of the first 
switch board and from the insulated screw to the spring of the 
jack bearing the same number on the next switch board, and 
from this to the corresponding one on the next, and finally, 


after passing through all of the same number at every switch 
board (three being shown in fig. 218), it goes to the annunciator 
and to the ground. 

On the first switch board the annunciators corresponding to 
the first two hundred numbers are placed. The next table re- 
ceives the annunciators of Nos. 201 to 401, the next 401 to 601, 
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and so on. Thus the two operators at each switch board only 
become cognizant of calls made by 200 subscribers, corresponding 
to the annunciators on their switch board. It makes no differ- 
ence on which switch board the annunciators are placed, provided 
they are placed between the last spring jack and the ground, 
because the subscriber's line affords practically six points of 
connection—one for each switch board—and the operator can evi- 
dently use the spring jack of the number corresponding to the 
annunciator, no matter at which switch board the latter is 
placed. 

Each operator takes special charge of one half the switch 
board, or 100 of the annunciator numbers and their correspond- 
ing spring jacks. When the operator receives a call from any 
of the subscribers in his charge, he can connect them by using a 
pair of plugs, not only with any other on his section of spring 
jacks, but with any other of the 1,200 subscribers, without 
assistance, no matter on what table the latter may be specially 
accommodated; and likewise an operator on another switch 
board can connect with one of his subscribers without even his 
knowledge. This system dispenses with all necessity of repeat- 
ing calls from one switch board to the other; but as several 
subscribers on different sections might desire to be connected 
with the same subscriber at the same time, it is necessary for 
each operator to have a means of determining whether any plug 
has been inserted in the spring jack of this number on any of 
the other six switch boards, and a special test is provided for the 
purpose. 

It is for providing this test that the springs of the jacks are 
insulated from the frames, and that the frames themselves, 
moreover, are connected together, as shown in fig. 218, a line, 
B, passing from the frame of one spring to the frame of the 
corresponding jack on the other switch boards. Suppose that 
subscriber 205 on his section wants 673. As soon as the 
annunciator drops the operator pulls down the front plug of any 
pair and inserts it into the spring jack. By so doing he cuts off 
the annunciator and literally prolongs the subscriber's line into 
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the connecting cord which completes a circuit to the other cord 
and to the rear plug of the same pair, whose upper end forms 
metallic connection with the ground strip. In passing from one 
cord to the other, however, the line may be made to include the 
operator's apparatus. The telephone apparatus is normally in- 
cluded in this loop whenever the switching lever corresponding 
to the pair of plugs is forward. The operator's telephone 
circuit also comprises a cell of battery for the test Having 
ascertained the number required (673) by the calling subscriber 
(205), he takes down the rear plug of the same pair, thus open- 
ing the circuit between the first subscriber and his telephone, 
and while listening at the telephone he places the end of this 
plug in contact with the metallic portion of the spring jack 678, 
with which he is about to make connection. 

The metallic portions of all spring jacks numbered 673 are 
connected together, and if this line is already in use by a prior 
connection with another line at one of the other six switch 
boards, the moment the operator at this table touches the metal- 
lic portion of 673 with the rear plug across is formed with 
the circuit already connected, and a click is produced in the 
telephone by the current of the single cell. In such a case the 
operator informs subscriber 205 that 673 is busy. If no click 
is heard by the operator, then he inserts the plug into spring 
jack 673 and depresses the right calling key, after which he 
throws the switch lever backward, whereby the telephone be- 
comes cut out of circuit and the clearing out annunciator substi- 
tuted. In case it becomes necessary to summon 205 again the 
left key may be depressed. When the conversation is ended 
either of the subscribers sends a momentary current and the 
clearing out annunciator is dropped, after which the plugs are 
pulled out and the switch lever turned forward. Fig. 219 is a 
diagram of the manner of making the connections of the tele- 
phone, the clearing out annunciators and the calling battery or 
generator. The two cords are connected to the calling keys, 
and the clearing out annunciator completes the circuit between 
the two upper contacts against which these keys normally rest, 
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the telephone circuit being in a derived branch, which is 
closed when the switch lever is thrown forward, while the lower 
contacts are connected with the generator and the ground. 

The method of making the changes is sometimes varied, as 
follows: The switching lever presses down a vertical pin, which 
pushes down the contact spring. This spring is made double, 
and the two sections are insulated from each other, and the con- 
necting cords are connected with these sections instead of with 
the calling keys, as in fig. 219. When the switch lever is 
thrown forward the two sections of contact springs each touch 
on a contact, each contact leading to one of the calling keys 
Between the upper contacts of the calling keys is looped the 
telephonic apparatus with the test cell, instead of the annuncia- 
tor shown in fig. 219. The lower contacts are connected to 
the generator and the ground as in fig. 219. It is seen that 
by this arrangement the telephone forms a loop in the circuit 
between one plug and the other, when the contact keys are 
not depressed and the switching lever is thrown forward. When 
the switching lever is thrown backward the contact springs open 
the circuit to the calling keys, so that it is impossible to inter- 
rupt the subscribers either with the operator’s telephone or the 
calling battery, while at the same time the contact springs come 
up against other contacts which close a circuit through the 
annunciator. In this way a pair of calling keys may be made 
to do the work for several pairs of connecting cords, since the 
connecting cords are only connected to the calling keys when 
the lever is thrown forward. The arrangement shown in fig. 
219 requires a pair of calling keys for each pair of cords. Fig. 
216 shows only one pair of calling keys to every five connecting 
cords and switch levers. 

A simple method has been devised for locating faults which 
sometimes occur while using the multiple system, and the neces- 
sary appliances therefor are furnished with the boards. If the 
frame of a spring jack becomes accidentally connected with the 
line, it causes the line to appear to be always busy. The touch- 
ing of a spring jack with a plug (as if making a test to deter- 
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mine whether the line is in use) serves to indicate the fact of the 
cross, and the jack at which the cross may be found is readily 
located by inserting a rubber plug at the first board and opening 
the connection of the spring at the first jack with the line; this 
connection may be opened at any point, but preferably at the 
lightning arrester, thus avoiding tampering with the wires at the 
back of the board, the break at the lightning arrester serving the 
same purpose. 

Fig. 220 shows the plug inserted in the second spring jack, 
and the line opened at the lightning arrester. The operator now 
tests as before to determine whether this cross exists at the first 
jack; for if it does exist there, and nowhere else, the insertion 
of the rubber plug at the first board, and the breaking of the 
line connection, will clear the cross and show the line not busy. 
If, however, the cross is at some other jack, the test will still 
cause the line to appear busy. Upon removing the plug from 
the jack at the first board, and inserting it at the jack of the 
second board, a test with the telephone will determine whether 
the cross exists at the second board, the result being, if it does 
exist at the second board, that the line will test clear. By thus 
opening the line at the lightning arrester, and inserting the rub- 
ber plug at the jack to be tested, the point at which the cross 
exists may be located, as the insertion of the plug into the jack 
to be tested will cause the line to test clear. This test, however, 
only provides for discovering faulty insulation between the 
phosphor bronze spring and the frame. If a cross should exist 
in the bushing which insulates the contact point (against which 
the spring normally rests) from the frame, the fact can only be 
known by failure to find a cross between the spring and the 
frame. In this case it will be found in the bushing of the jack 
preceding the one in which the test located it. It is, however, 
exceedingly improbable that the fault will ever be found at this 
point, as it is entirely out of the way of harm from mechanical 
injury, and has never been found here in any of the boards thus 
far. This insulation is the sameas that of the jack in the stand- 
ard board, where it has always been found entirely reliable. 
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The only other fault which has thus far appeared in the 
multiple switch board system, is that a line has sometimes been 
found open in the spring jack connection, this being caused by 
an attempt to clean the contact points of the jack, and resulting 
in the crippling of the spring. This has been done by thrusting 
files into the jack from the front or back, in this way bending 
up the spring until it will no longer make contact with its point. 
The fact of such a break is determined by the failure of the an- 
nunciator to fall upon sending a current through the system. 
The jack at which the break occurs may be located by inserting 
the plug whose cord is connected with a calling generator, into 
the spring jacks successively, beginning at the first board, until 
the jack is reached at which, upon inserting the plug, the an- 
nunciator is caused to fall. When this jack is reached, it may 
be known that the fault exists in the jack immediately preced- 
ing the one where contact causes the annunciator to fall ‘The 
plug used to make this test is a special one, and does not, when 
inserted, occasion the usual break between the spring and its 
contact point If the fault is at the last spring jack of the sys- 
tem, the insertion of the plug at any of the boards will fail to 
cause the annunciator to fall, and after the insertion of the plug 
at every jack of the line, the failure of the annunciator to fall is 
an indication that the fault is at the jack of the last board, it 
having been previously determined that the circuit from the 
last board and through the annunciator to ground is intact. 

Another interesting feature of this switch board is the method 
of arranging the wires in cables. Behind these are vertical 
boards between the sections, and the cables, containing twenty 
wires, enter and leave through perforations‘in the boards. The 
first board has only one set of holes, through which. the cables 
enter. Each cable gives off a wire to a spring Jack, which, as 
we have seen in fig. 216, are arranged in rows of twenty. From 
each spring jack starts the test line which is destined to connect 
the frames of the corresponding jacks in all the switch boards, and 
the line out. These test lines are made of office wire of a uni- 
form color and cabled together, and pass out through a hole in 
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the next vertical board, thence to the wire conduit leading to 
the other switch boards. The line out from each spring jack is 
cabled also with that of the others in the same row, and of an- 
other uniform color, and it also passes out through one of the 
holes in the vertical board separating the sections of spring 
jacks. The lines in of the same row of the next section enter in 
cable form through an opening midway between the other two 
cables. Thus a symmetry of disposition is obtained, which 
economizes space and time and affords convenience and facility 
in making connections. 


POLICE TELEPHONE AND SIGNAL SYSTEM. 


In every American city the police has employed the various 
systems of electric communication in a greater or less degree 
for the prevention or detection of crime; but the city of 
Chicago occupies the front rank in the use of telegraphic and 
telephonic communication, as one of the most essential factors 
of the police system. The object of the system is twofold: to 
increase, on the one hand, the rapidity and efficiency of police 
assistance in cases of urgency, and to diminish, on the other 
hand, the number of patrolmen, and, consequently, the expense 
which they entail on account of the great number required to 
be of service in time of need. 

The urgent need of a policeman in one particular point in a 
city is in general exceptional, and the actual tendency is to in- 
crease the territory placed under the surveillance of each one. 
Asa result, when an accident occurs, the policemen are nearly 
always at a distance from the place where their co-operation 18 
necessary; and the thieves, who well know this peculianty, 
often take advantaze of it to carry on their nefarious work. To 
guard against these inconveniences, it is necessary to increase 
very largely the number of policemen; but this process is much 
less economical than that adopted in Chicago. This means con- 
sists in facilitating and rendering very rapid the movements of 
the police force, so that each man on patrol or watch may be 
placed in communication in an instant with the subdivision to 
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which he is attached, or, if that is necessary, with the police 
station of the district, and at the same time with the central sta- 
tion. Each principal citizen can also, in case of need, call 
instantly for the police and secure their presence in a very short 
time In order to accomplish this in an efficient and practical 
manner, the police stations are established at certain points con- 
veniently chosen in each district; to each station is assigned a 
horse and wagon and three men, always ready to start. The 
wagon carries a litter, bed, bed clothes and the necessary articles 
for receiving and taking care of a sick or injured person, to pick 
up a lost child, arrest persons accused of crime, etc. The police 
stations are in telephonic connection with the public alarm sta- 
tions, which are similar to sentry boxes, and which are distrib- 
uted along the streets at certain distances from each other. 
These sentry boxes are just large enough to contain a man and 
afford shelter for the occasion. They are opened by means of 
keys, which are given to all the principal people of the city, as 
well as to the police. In order to prevent their abuse, the locks 
of the alarm stations are made in such a manner that the key 
cannot be removed, when once placed in the lock, except by a 
policeman. As each key is numbered, and cannot be removed 
except by the co-operation of the police, the person who has 
given the alarm, on opening the sentry box, cannot prevent him- 
self from being known. By this means all annoyance from un- 
necessary alarms are avoided, because the possessor of a key 
opens the box only when assistance is necessary, and is not 
lavish of his calls for fear of having to give up his key. It will 
thus be seen that each citizen co-operates by this means in the 
general surveillance, and that assistance is not unnecessarily 
delayed. 

The series of manceuvres by which this is accomplished is as 
follows: As soon as an accident occurs, the citizen or nearest 
neighbor possessing a key proceeds to the alarm box nearest to 
him, opens it, and makes the signal indicated upon the appara- 
tus. Immediately a squad of three men with a horse and wagon 
arrives at the point where the signal proceeds from. If a po- 
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liceman is found near the sentry box, he opens the box and 
communicates with the police station by means of the telephone 
which is located therein. When the sentry box is opened by a 
private citizen, the latter works the call by means of the dial 
apparatus placed there for this purpose. This apparatus per- 
mits of the transmission of eleven different signals to the central 
station, by placing a pointer upon the number indicating the 
nature of the alarm to be given. The indications of the signals 
are as follows: 1. Police wagon. 2. Thieves. 38. Forgers. 4 
Riot. 5. Drunkard. 6. Murder. 7. Accident. 8. Violation 
city ordinance. 9. Fighting. 10. Test of line. 11. Fire. In 
giving a signal the caller places the pointer upon the number 
corresponding to the signal required and presses upon a lever 
at the right of the dial. The movement of the lever causes the 
apparatus to convey to the police station a conventional de- 
spatch, indicating the number of the station calling and the 
nature of the appeal. The transmitter is auto kinetic, and the 
despatch is received in arbitrary characters, composed of dots 
and lines, upon a band of paper, by an ordinary Morse tele- 
graph register, the instrument being put in motion automat- 
ically when the first signal is conveyed. 

Fig. 221 represents the system in operation on the occurrence 
of an accident. The signal has been given and has been re- 
ceived and acted upon by the central office. Upon the left of the 
figure the relief wagon is seen arriving, while in the sentry 
alarm box a policeman is seen explaining through the tele- 
phone to the police station the nature of the accident, its im- 
portance, etc. Each hour, or each half hour, the officer on his 
round proceeds to one of the alarm stations and makes 
his report by telephone to the police station of his district, 
which much simplifies and facilitates the service. The chief 
officer of the station can then direct and regulate his service 
without difficulty. The system in Chicago allows also the in- 
stallation of signal boxes analogous to those above described, in 
each house or office with or without telephone adjunction. In 
the latter case the indications are given upon the dial, as in the 
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alarm station. The police station has a key placed under seal 
opening the house of each subscriber. When a call is made 
at night, for robbery with housebreaking, for example, a po- 
licéman responds to the call, taking the key of the house whence 
the call came, and proceeds immediately to seize the robber. 

The system practically operates in the most efficient and 
satisfactory manner. The number of arrests in the district 
where it is applied has been largely increased, and has dimin- 
ished the number of crimes in a corresponding proportion. The 
establishment is cheap, and its maintenance inexpensive It 
proves useful more especially in the small cities, where the 
number of policemen is relatively small. By the aid of alarm 
boxes, placed in particular houses, and of alarm stations in 
the streets, they can call for assistance in a few moments, 
and thus secure from a small number of policemen the same 
amount of practical service that they would ordinarily get only 
from a numerous force. We thus see by this brief description 
of the alarm system of Chicago, that each individual plays a 
part in the general security, and that every one contributes to 
the repose of all. 


CHAPTER IX. 


VARIOUS MODIFICATIONS OF THE BELL TELEPHONE, 


Since the discovery of the articulating telephone by Prof. 
Bell, the various modifications of the apparatus which have 
been devised are almost innumerable. We shall not attempt to 
give a description of any considerable number of these devices, 
but only refer to a few of the more important varieties. 


BELL'S PHOTOPHONE. 


The object of the photophone is the transmission of sounds, 
both musical and vocal, to a distance by the agency of a beam of 
light of varying intensity; and the first successful attempts 
made by Prof. Bell and his co-laborer, Mr. Samuel Tainter, 
were based upon the known property of the element selenium, 
the electric resistance of which varies with the degree of illumi- 
nation to which it is exposed. Hence, given a transmitting in- 
strument, such as a flexible mirror, by which the vibrations of a 
sound could throw into vibration a beam of light, a receiver, 
consisting of sensitive selenium, forming part of an electric cir- 
cuit with a battery and a telephone, should suffice to translate 
the varying intensities of light into corresponding varying inten- 
sities of electric current, and finally into vibrations of the tele- 
phone disk audible once moreas sound. This fundamental con- 
ception dates from 1878, when, in lecturing before the Royal 
Institution, Prof. Bell announced the possibility of hearing a 
shadow fall upon a piece of selenium included in a telephone 
circuit. The phototone, however, outgrew the particular elec- 
trical combination that suggested it; for not the least of the re- 
markable points in this research is the discovery that audible 
vibrations are set up in thin disks of almost every kind of mate- 
rial by merely throwing upon them an intermittent light. With 
the photophone, as with the telephone, there are instruments of 
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different degrees of perfection. The original telephone of 
Philip Reis could only transmit musical tones, because it worked 
by rapid abrupt interruptions of the electric current; while the 
articulating telephone of Graham Bell is able to transmit speech, 
since by its essential construction it is able to send undulating 
currents to the distant receiving station. 

We may in like manner classify the forms of photophoues 
under two heads, as (1) articulating photophones, and (2) musi- 
cal photophones. 

Up to the present time the simple receiving disk of ebonite or 
hard rubber has only served for a musical photophone ; the repro- 
duction of the tones of the voice by its means has not yet been 
demonstrated in practice. For while it produces unmistakable 
musical tones by the direct action of an intermittent light, in the 
experiments made hitherto with articulate speech, the instru- 
ments have by necessity been so near to one another that the 
voice of the speaker was audible through the air. Under these 
circumstances it is extremely difficult to say whether the sounds 
that are heard proceed from the diaphragm, or whether they 
merely come through the air to the ear, and if they come from 
the diaphragm, whether they are really the result of the varying 
light, and not mere sound vibrations taken up by the disk from 
the speaker’s voice crossing the air. Prof. Bell hopes soon to 
settle this point, however, by appeal to experiments on a larger 
scale with the receiving and transmitting instruments at greater 
distances apart, and with glass windows in between to shut off all 
sounds. 

Fig. 222 illustrates the simple musical photophone of Bell and 
Tainter. It might perhaps be described without injustice as an 
optical siren, producing sounds from intermittent beams of light, 
as the siren of Cagniard de Latour produces them from inter- 
mittent puffs of air. A beam of light from the sun or from a 
powerful artificial source, such as an electric lamp, falls upon a 
mirror, M, and is reflected through a large lens, L, which con- 
centrates the rays toa focus. Just at the focus is interposed a 
disk pierced with holes—forty or so in number—arranged in a 
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circle. This disk can be rotated so that the light is interrupted 
from one to five or six hundred times per second. The inter- 
mittent beam thus produced is received by a lens, T, or a pair 
of lenses upon a common support, whose function is to render 
the beam once more parallel, or to concentrate it upon the disk 
of ebonite placed immediately behind, but not quite touching 
them. From the diska tube conveys the sounds to the ear. We 
may remind our readers here that this apparent direct conversion 
of light into sound takes place, as Prof. Bell found, in disks of 
all kinds of substances—hard rubber, zinc, antimony, selenium, 
ivory, parchment, wood—and that he has lately found that disks 
of carbon and of thin glass, which he formerly thought excep- 
tions to this property, do also behave in the same way. We 
may perhaps remark without impropriety that it is extremely 
improbable that the apparent conversion of light into sound is 
by any means a direct process, It is well known that lumi- 
niferous rays, when absorbed at the surface of a medium, warm 
that surface slightly, and must therefore produce physical and 
molecular actions in its structure. If it can be shown that this 
warming effect and an intermediate cooling by conduction can 
go on with such excessive rapidity that beams of light falling on 
the surface at intervals less than the hundredth ofa second apart 
produce a discontinuous molecular action of alternate expansion 
and contraction, then the mysterious property of matter revealed 
by these experiments is accounted for. 

However this may be, the musical photophone, as represented 
in fig. 222, produces very distinct sounds, of whose existence 
and dependence for their production on the light the listener may 
satisfy himself by cutting off the light at any moment with the 
little opaque disk fixed on the end of the little lever just in front 
of the holes in disk, R, and which can be worked by a Morse 
key like a telegraph instrument, thus producing at will alternate 
sounds and silences. With this musical photophone sounds 
have been carried by an interrupted beam of light for a distance 
excceding a mile; there appears, indeed, no reason why a much 
greater range might not be attained. 
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The articulating photophone is that to which hitherto public 
attention has been most largely directed, and in which a sele- 
nium receiver plays a part. Fig. 223 gives in diagram form the 
essential parts of this arrangement. A mirror, M, reflects a beam 
of light as before through a lens, L, and (if desired for the pur- 
pose of experimentally cutting off the heat rays) through a cell, 
A, containing alum water, and casts it upon the transmitter, B. 
This transmitter, shown again in fig. 224, consists of a little disk 
of thin glass, silvered on the front, of about the size of the disk 
of an ordinary telephone, and mounted in a frame, with a flex- 
ible India rubber tube about sixteen inches long leading to a 
mouthpiece. A second lens, R, interposed in the beam of light 


Fig. 223. 


after reflection at the little mirror, renders the rays approxi- 
mately parallel. The general view of the transmitting apparatus 
given in fig. 224 enables the relative sizes and positions of the 
various parts (minus the alum cell, which is omitted) to be seen. 
The screw adjustments of the support serve to direct the beam 
of light in the desired direction. 

It may be well to explain once for all how the vibrations of 
the voice can affect the intensity of the reflected beam far away. 
The lenses are so adjusted that when the mirror, B, is flat (that 
is, when not vibrating) the beam projected from the apparatus 
to the distant station shall be nearly focused on the receiving 
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instrument. Owing to the optical difficulties of the problem it 
is impossible that the focusing can be more than approximate. 
Now, matters being thus arranged, when the speaker's voice is 
thrown against the disk, B, it is set into vibration, becomes 
alternately bulged out and in, and made slightly convex or con- 
cave, the degree of its alteration in form varying with every 
vibration of the voice. Suppose at any instant—say by a sudden 
displacement, such as takes place when the letter T is sounded 
—the disk becomes considerably convex ; the beam of light will 
no longer be concentrated upon the receiving instrument, but 
will cover a much wider area. Of the whole beam, therefore, 
only a relatively small portion will fall upon the receiving in- 
strument; and it is therefore possible to conceive that, if per- 
fectly adjusted, the illumination should be proportional to the 
displacement of the disk, and vary, therefore, with every vibra- 
tion with the utmost fidelity. The receiver of the articulating 
photophone is shown on the right hand side of the diagram, fig. 
223, sketched by Prof. Bell. A mirror of parabolic curve, C C, 
serves to concentrate the beam and to reflect it down upon the 
selenium cell, S, which is included in the circuit of a battery, P, 
along with a pair of telephones, T and T. Here again a general 
view, like that given in fig. 225, facilitates the comprehension of 
the principal parts of the apparatus. The sensitive selenium cell 
is seen in the hollow of the parabolic mirror, which is mounted 
so as to be turned in any desired direction. The battery stand- 
ing upon the ground furnishes a current which flows through 
the selenium cell and through the telephones. When a ray of 
light falls on the selenium—be it for ever so short an instant— 
the selenium increases in conductivity, and instantly transmits 
a larger amount of electricity, and the observer with the tele- 
phones hears the ray, or the succession of them—hears, indeed, 
their every fluctuation in a series of sounds which, since each 
vibration corresponds to a vibration of the voice of the distant 
speaker, reproduce the speaker’s tones. 

The difficulty to be overcome in the use of the selenium as a 
working substance arose from its very high resistance. To 
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reduce this to the smallest possible quantity, and at the same 
time to use a sufficiently large surface whereon to receive the 
beam of light, was the problem to be solved before any practical 
result could be arrived at. After many preliminary trials with 
gratings and perforated disks of various kinds, Prof. Bell 
and Mr. Tainter finally settled upon the ingenious device to be 
described. A number of round brass disks, about two inches in 
diameter, and a number of mica disks of a diameter slightly less, 
were piled upon one another so as to form a cylinder about two 
and a half inches in length, They were clainped together from 
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end to end, the clamping rods also serving to unite the disks of 
brass electrically in two sets, alternate disks being joined, the 
first, third, fifth, etc., being united together, and the second, fourth, 
sixth, etc., being united in another series) This done, the edges 
between the brass disks were next filled with selenium, which was 
rubbed in at a temperature sufficiently high to reach the melting 
point of selenium. After this the selenium was carefully an- 
nealed to bring it into the sensitive crystalline state. Then the 
cell is placed in a lathe and the superfluous selenium is turned 
off until the edges of the brass disks are bared. Fig. 226 shows, 
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in section, the construction of such a shell. Prof. Bell has also 
used cells in which the selenium filled only the alternate spaces 
between disks, the intermediate spaces being occupied by mica 
disks of equal diameter with the brass disks) But this arrange- 
ment was in no way preferable, for in practice it was found that 
moisture was apt to penetrate at the surface of the bare mica, 
spoiling the effect. 

Fig. 227 is a diagram which simply illustrates the action of 
the selenium receiver, and shows, first, the way of connecting 
the alternate disks; and, secondly, that the current from the 
battery, P, cannot go round the telephone circuit without pass- 
ing somewhere through selenium from one brass disk to the 
next. The special advantages of the cell devised by Prof. Bell 


are that, in the first place, the thickness of the selenium that 
the current must traverse is nowhere very great; that, in the 
second, this photo electrical action of light on selenium being 
almost entirely a surface action, the arrangement by which all 
the selenium used is a thin surface film could hardly be im- 
proved upon; and that, thirdly, the symmetry of the cylindrical 
cell specially adapts it for use in the parabolic mirror. These 
details will be of great interest, especially to those who desire 
to repeat for themselves the experimental transmission of sound 
by hght. The greatest distance to which articulate speech has 
yet been transmitted by the selenium cell photophone is 238 
yards) When sunlight is not available recourse must be had to 
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an artificial source of sufficient power. During the experiments 
made by Prof. Bell the weather was adverse, and the electric 
light was called into requisition. The distance in these experi- 
ments between the transmitting diaphragm, B, and the parabolic 
reflector, C C, of the receiver was fifteen metres, the entire 
length of the room in which the experiments were made. Since 
at this distance the spoken words were themselves perfectly 


audible across the air, the telephones connected with the sele- 
nium cell were placed in another apartment, where voices were 
heard without difficulty and without doubt as to the means of 
transmission. The transmitter shown in fig. 228 consists of 
a fixed plate, P, provided with numerous slots, and of a like 
movable plate attached to a diaphragm, / 7, mounted in a frame 


Fig. 229. 


provided with a mouthpiece, E. The vibration of the movable 
plate varies the intensity of the light passing through it. In fig. 
229 the transmitter is shown as used in combination with a col- 
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lecting lens, L, in place of the parabolic reflector. In fig. 230 a 
transmitter is shown which is based upon the effect of electricity 
on polarized light. A lens, L, throws the beam of alight, F, upona 
Nicol polarizing prism, R, and the polarized beams traverse an 
analyzer, R. A helix, B, is placed between the two prisms and 
in the circuit of an ordinary microphone, M. By speaking, the 
intensity of the current traversing the helix is varied, and this 
causes the plane of polarization of the rays to be turned more or 
less, and consequently more or less rays are extinguished by the 
analyzer, R’. 

Of the earlier and less perfect forms of the photophone little 
need be said. One device, which in Prof. Bell’s hands worked 
very successfully over a distance of eighty-six yards, consisted 


in letting the beam of light pass through a double grating of 
parallel slits lying close to one another, one of which was fixed, 
the other movable and attached to a vibrating diaphragm. 
When these were placed exactly one in front of the other the 
light could traverse the apparatus, but as the movable grating 
slid more or less in front of the fixed one, more or less of the 
light was cut off. Speaking to the diaphragm, therefore, caused 
vibrations which shut or opened, as it were, a door for the beam 
of light, and altered its intensity. The mirror transmitter of 
thin glass silvered was, however, found superior to all others; 
and it is hard to see how it could be improved upon, unless, 
possibly, by the use of a thin disk of silver, itself accurately sur- 
faced and polished. 
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Whatever be the future before the photophone, it assuredly 
deserves to rank in estimation beside the now familiar names of 
the telephone and the phonograph. 


EDISON'S ELECTRO CHEMICAL TELEPHONE. 


Mr. Edison has applied, with remarkable success, the princi- 
ple of the electro motograph to the construction of a telephone 
receiver of extraordinary power and perfection. 

This instrument consists in its simplest form of a diaphragm 
which is set into vibration by the variations of friction taking — 
place between a metallic strip and a chemically prepared rotat- 
ing cylinder, under variations of the strength of an electric 
current passing at the point of contact of the metallic strip and 
the cylinder. In its simplest form the apparatus consists of a 
cylinder composed of chalk and potassium hydrate with a small 
quantity of mercury acetate moulded round a flanged roller or 
reel of brass, which is lined with platinum on those surfaces which 
are in contact with the mixture, which is kept in a moistened 
condition. Upon the upper circumference of the cylinder, 
which is caused to revolve on a horizontal spindle, a metallic 
strip is caused to press with a firm and uniform pressure by 
means of an adjustable spring. The portion of the strip which 
bears upon the cylinder is lined with platinum, and the opposite 
end is attached to a diaphragm of mica, four inches in diameter, 
firmly fixed by its circumference. The cylinder is connected to 
the copper element of a battery, and the strip to the zinc pole, 
with a transmitting telephone included in the circuit. If, when 
no current is passing through the instrument, the cylinder be 
rotated at a uniform speed away from the diaphragm, the fric- 
tiow between the cylinder and the strip causes the diaphragm to 
be drawn inward—that is, toward the cylinder—and the dia- 
phragm would take up a fixed position dependent upon its own 
rigidity and the friction between the cylinder and the strip. 

The instant, however, that a current is transmitted through 
the instrument that friction is reduced, and the diaphragm flies 
back by its unopposed elasticity, the variation of friction being 
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proportional to the variation of the strength of the electric cur- 
rent; and so marvellously sensitive is this combination, that the 
variations in the strength of the electric current caused by the 
human voice speaking against a carbon transmitting telephone 
instantly produce their corresponding variations of friction, and 
the diaphragm repeats the words, but very much louder than 
they were originally uttered at the distant station. 

Fig. 231 is a perspective view of the apparatus, which is in 
reality three instruments.in one, combining a transmitter, re- 
ceiver, and call bell, and, therefore, has a somewhat complicated 
appearance. The whole of the upper portion, however, is the 
call bell and signalling apparatus, by which attention is attracted 
at the other station, and by which such calls are received ; this 
differs in no respect from an ordinary electric bell, having a key 
and switch by which it is thrown into circuit. In front of the 
box, which is of cast iron, is seen the large diaphragm, but even 
this has a more complicated appearance, in consequence of the 
transmitting carbon telephone being fixed in front of and c-n- 
centric with it. Ifthe transmitter and call bell apparatus were 
removed, the external appearance of the receiver would resolve 
itself into arectangular box, having a four inch hole in its front 
face glazed with mica, and a small winch handle projecting from 
the right hand side. The internal arrangements are shown in fig. 
232, which is a back view of the interior. A isthe chalk cylinder 
mounted on the horizontal shaft, B B, which, by aspur wheel 
and pinion, can be rotated at a moderate speed by turning the 
winch handle, W. The spindle, B, turns in, and is supported 
by the long boss bearing shown in the figure, and which forms 
part of the cast iron bracket, H I, to which every part of the 
apparatus, except the diaphragm and its connected strip, is at- 
tached. D is the diaphragm, which consists of a disk of thick 
mica, four inches in diameter, and C is a metallic strip attached to 
its centre, which is pressed tightly against the upper portion of 
the cylinder by means of the stiff spring, S, whose pressure can 
be regulated by the screw E. G is a counter shaft, which can 
be turned through a small angle by depressing a lever keyed on 
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to it on the outside of the case; the effect of this is to raise, by 
means of a forked lever, a damping roller, against the surface of 
the chalk cylinder, and so occasionally to supply the water 
which is lost by evaporation. The roller, when not in use, rests 
in a trough of water, T, and has only occasionally to be raised, 
when the cylinder becomes too dry, to give the best results. 
When this instrument is connected to a carbon telephone, with 
no greater battery power than two Fuller cells, any sound 
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uttered in the transmitter is not only perfectly reproduced by 
the mica diaphragm, but its sound is so greatly increased as to 
constitute what in a speaker would be considered an unusually 
loud voice. 

Mr. Edison has found that this instrument, like the magnetic 
receiver, produces far more satisfactory results when working on 
an induction circuit than when it is connected directly with the 
carbon transmitter, He therefore adopts the plan of placing the 


sam 


Digitized by Goog yle 
S 


BERLINER S TELEPHONE TRANSMITTER. 329 


receiving instrument in circuit with the secondary wire of an in- 
duction coil, the transmitter and battery being on the primary 
circuit. The undulatory character which is given to the voltaic 
current by transmission through the carbon disk, whose resist- 
ance is continually varying under the influence of sonorous 
vibrations, produces by induction a correspondingly undulatory 
current in the secondary circuit of the induction coil, and this 
varying current being transmitted by the line wire to the receiv- 
ing instrument, by varying the intensity of the electro chemical 
decomposition going on between the chalk cylinder and the 
platinum point which presses on it, causes a corresponding varia- 
tion of the coefficient of friction between the two surfaces, 

The secret of the great power of the instrument, by which it 
speaks with. a voice to be distinctly heard all over a large room, 
is that the mechanical motion of the diaphragm is produced by 
loca] mechanical means, such as a train of clock work or rotation 
by hand, and not by the electric current, as in all other telephone 
receivers, The electric current merely controls the time when 
that mechanical force is exercised, and the amount which is 
brought into play. It may, mechanically, be compared to a fric- 
tional coupling or clutch through which a machine is driven by 
a steam engine, and which at any moment may be made to trans- 
mit the full power of the motor to the machine, or by varying | 
the friction to transmit only a portion of that power. 


BERLINERS TELEPHONE TRANSMITTER. 


Fig. 233 is a front view and fig. 234 a perspective view, show- 
ing the internal parts of the Berliner instrument. The principal 
feature of the invention is the disposition of the carbon contact 
surfaces, one being attached to the diaphragm, the other being 
supported by a metal socket attached to a hinged plate secured 
to an arm that projects from the back of the mouth piece down- 
ward over the diaphragm. This arm serves the double purpose 
of supporting the free carbon electrode and clamping the dia- 
phragm in its place against the back of the iron mouth piece. 
The diaphragm is bound around the edges with soft rubber, and 
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is separated from the mouth piece by a ring of pasteboard. 
The iron mouth piece is hinged to a casting fastened to the cir- 
cular box which contains the induction coil, and supports the 
binding screws for the battery, line, and ground wires. To the 
front of the induction coil is attached a plate connected with the 
battery wire, and carrying a spring having in its free end a 
screw which bears against a spring connected with the centre of 
the diaphragm, and acts as a dampener, as well as a conductor, 
through which the current passes to the carbon electrode at the 
centre of the diaphragm. The battery current enters at one of 
the binding screws, passes through the primary wire of the induc- 
tion coil, through the spring and carbon electrode at the centre 
of the diaphragm, through the hinged electrode, metallic mouth 
piece and its hinge, and back through a binding screw to the 
battery. The variation of the current in the primary circuit 
occurs at the contact of the two carbon electrodes, the contact 
being varied by the vibration of the electrode attached to the 
diaphragm. When the transmitter is used for long distance 
telephony, the pendent carbon electrode is made heavier, to. re- 
duce resistance in the local current and to amplify the electrical 
undulations. The terminals of the secondary wire of the induc- 
tion coil are connected with the two remaining binding screws, 
which are connected, one with the ground and the other with 
the line, in the usual way. The accessory devices connected 
with this transmitter may be of the usual character. It will 
operate well with any of the well known forms of receiver, and 
is easily managed and thoroughly efficient. This transmitter 
has been well introduced, and large numbers of them are being 
used in Europe. They have been adopted on several of the 
leading German railways, and are extensively used in the Ger- 
man postal service. The patent for this invention is owned 
and the instruments are made by the American Bell Telephone 
Company. 


MAICHE’S TELEPHONIC IMPROVEMENTS. 
Figs. 285 and 286 give a general and sectional view of an 
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improved Bell telephone receiver. The top or cup part of the 
case is made of brass, nickel plated, into the lower part of 
which the permanent magnet bar is screwed and rigidly held 
by means of a brass nut, as shown in the figure. The head of 
the magnet bar terminates in a little soft iron bar, which goes 
through and forms the core of the bobbin. The diaphragm is 
held, as usual, by the cover, and, lastly, the magnet bar is 
enclosed in the wooden handle, the expansion or contraction of 
which can in no way affect the adjustment of the instrument 
This new disposition gives a well proportioned and handsome 


Fig. 286. 


appearance to the telephone, assures a permanent adjustment 
and gives excellent results as a receiver. 

Figs. 237 and 288 are front and side views of the microphonic 
transmitter of M. Maiche. The principle upon which it works 
is similar to that of the Crossley, Ader and other like telephones. 
The diaphragm is square in form and made of dry pine, on the 
under side of which is affixed the microphone. This consists of 
three pieces of carbon screwed crosswise on the diaphragm, and 
twelve little pencils of the same material. These latter are 
loosely laid in the holes previously pierced in the cross pieces. 
the whole resembling a sort of gridiron. 
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Fig. 289 shows the exterior view of what M. Maiche calls his 
electrophone. It is composed of a sort of frame into which is 


Fig. 238. 


fixed the microphonic diaphragm, induction coil, etc., with two 
of the modified Bell receivers on the outside. The instrument 
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is intended for long line telephony. It is said that conversation 
between Paris and Nancy—a distance of 220 miles—has been 
. carried on through it with perfect satisfaction. 

Of course the microphonic arrangement is the principal part. 
It consists of three, four and sometimes six distinct microphones 
fixed to the same diaphragm—a sort of compound microphone. 
Each of these microphones is composed of a swinging armature, 
on the end of which is a carbon ball. This ball rests against a 


Fig, 239. 


thin pastil of carbon glued to the wooden diaphragm. All the 
pastils are connected together, as are also all the swinging arma- 
tures. 

Fig. 240 gives a view of the Maiche battery. It is well 
known that the action of most batteries is limited, as to dura- 
bility, by the coatings of salts and oxides which, in time, will 
cover all metals attacked by acids, and therefore will offer 
great resistance to the production and to the passage of the 
current. The resistance becomes so great that the battery in 
time ceases to act. In the new battery the simple action of the 
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air on the materials composing it suffices to cleanse them, so 
that the battery only ceases to work when the zinc is entirely 
consumed. 

Another recent improvement consists in transforming the 
batteries known as the Leclanché peroxide of manganese bat- 
teries into accumulators of electricity. When one of these Le- 
clanché batteries is worn out, it will suffice to send through its 
elements the current of a dynamo electric machine, such as the 
Gramme. This current reduces the oxide of zinc, leaving the 
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zinc in its former metallic state, and returning the oxygen taken 
from the zinc to the manganese; thus the battery is renewed 
and ready to work. 


HOPKINS’ TELEPHONIC TRANSMITTER. 


Fig. 241 is a perspective view of the Hopkins transmitter, 
showing the relative arrangement of the transmitter and receiver ; 
fig. 242 represents the arrangement of the local circuit and line, 
and fig. 248 is a vertical section of the transmitter. 
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The transmitter is fixed to the bracket and stands vertically, 
with its sound collecting mouth piece pointed in the direction 
whence the sound proceeds. The receiver, which is an ordinary 
Bell instrument, stands when not in use over a curved pendent 
resonator, the smaller end of which projects through the shelf of 
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the bracket and just enters the hole in the centre of the receiver 
mouth piece. Between the transmitter and the receiver there is 
a small induction coil, whose primary wire is connected with the 
local battery and the transmitter. One terminal of the secondary 
wire of the coil is connected with the receiving instrument and 
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line ; the other terminal is grounded. These connections will be 
understood by reference to fig. 242. aand b are the terminals 
of the primary wire of the induction coil, C. The terminal, a, 
connects with the battery, B; the terminal, b, runs to the trans- 
mitter, T, connected with the battery by the wire, e One termi- 
nal of the secondary wire of the coil, C, is grounded; the other 
terminal, d, connects with one binding post of the receiver, R, the 
other binding post being in communication with the line wire, 


«. 


Fig. 242. 


L. This arrangement is adapted to a closed circuit, one or 
two cells of gravity battery being connected with the transmit- 
ter. If an open circuit battery is used, a switch is placed in one 
of the wires, a, b, c, so that the local circuit may be left open 
when the talking is done. 

The construction of the transmitter will be seen in the ver- 
tical section, fig. 248. The diaphragm, A, has attached to its 
centre a small brass cup, B, containing a button of ordinary bat- 
tery carbon three sixteenths of an inch in diameter and about 
the same thickness, This carbon projects beyond the brass cup, 
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and is surrounded by a short paper tube, which projects beyond 
the face of the carbon one eighth inch. <A piece of copper foi! 
placed between the brass cup, B, and the diaphragm extends to 
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the edge of the diaphragm, where it is pressed by a spring in 
the cell, C, which is in metallic contact with a wire extending 
downward through the lower end of the instrument. 

The standard supporting the diaphragm cell is hollow, about 
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five eighths inch internal diameter, and the height of the dia- 
phragm above the bracket is four inches. 

In the standard there is a bottle, D, of special form, supported 
by a ring, E, having a threaded stud extending through a slot 
in the standard, and provided with a milled thumb nut, by 
which it may be clamped at any desired height. The bottle, 
D, has a long, narrow neck, about three sixteenths inch internal 
diameter, and a platinum wire blown in the lower end connects 
with the local circuit wire, which is coiled to admit of moving 
the bottle up or down. This wire extends through the base of 
the instrument, and is connected as shown in fig. 242. The 
bottle, D, is partly filled with mercury, in which floats a pencil, 
F, of carbon of the kind used for electric lighting by incandes- 
cence. This pencil is one eighth inch in diameter, two and one 
eighth inches long, and is made slightly convex and very smooth 
at the ends. The mercury buoys the carbon up so that it is 
always kept.in light and uniform contact with the carbon button, 
while it also forms part of the conductor in the local circuit. 
The carbon attached to the diaphragm is perfectly plain on its 
contact surface, and as smooth as it can be made by means of a 
fine file. The diaphragm, which is of mica, has one and three 
fourths inches free to vibrate. It is rather stiff, and is clamped 
firmly in its cell. The surfaces between which the diaphragm 
is clamped are perfectly true, and made of material not liable to 
warp. Wood well soaked in paraffine answers a good purpose, 
but vulcanite is far better. The induction coil used with the in- 
strument is of the ordinary form, two inches long, one inch in 
diameter, with a three eighths inch core of No. 18 soft iron 
wires. The primary coil consists of three layers of No. 18 silk 
covered copper wire, and the secondary of No. 36 in sufficient 
quantity to fill the spool. One cell of Leclanché or Fuller bat- 
tery will work the transmitter, but two will augment the volume 
of sound. As to the efficiency of this instrument, it will bear 
comparison with other transmitters, and in one or two points it 
seems to have an advantage. It will transmit speech clearly, 
whether the speaker is within ten inches or as many feet of the 
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instrument. Although a call bell may be used in connection 
with it, generally none will be required, as by saying 0-0-0 
loudly in the mouth piece a trumpet like sound is heard in the 
receiver at the other end of the line, which, although not very 
loud, is sufficient to attract attention in a measurably quiet room. 


THORNBERRY'S TELEPHONE RECEIVER. 


Fig. 244 represents the Thornberry telephone receiver, the 
action of which is due to the contraction of a spiral magnet core 
under the influence of the current traversing the bobbin. The 
spiral core is attached at one end to the diaphragm, and is con- 
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nected at the other end with an adjusting screw. The spiral core 
is perfectly free to work in the helix, and the contraction or ex- 
pansion of the spiral under the influence of the current from the 
transmitter acts on the diaphragm in much the same manner as 
though it were attracted by a magnet, the results being the same 
as in other forms of the Bell telephone. 
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A permanent magnet placed outside the bobbin magnetizes 
the spiral core by induction, so that the spiral is very sensitive, 
thereby making it sensitive to the influence of currents passing 
in the bobbin. 

The construction of the estos will be readily understood 
by reference to the engraving, in which a portion of the instru- 
ment is broken away to show the internal parts. The diaphragm 
is mounted on a mouth piece of the usual description, and the 
permanent magnet and bobbin with the enclosed spiral is placed 
in a small casing attached to the mouth piece. The instrument 
is provided with the usual binding posts and flexible connections. 


HUGHES MICROPHONE. 


Fig. 245 represents the Hughes microphone, which consists of 
a carbon pencil, A, terminating in a point at each end; the 
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two ends rest lightly between two small circular holes of two 
pieces of carbon, C C1, and the carbon pencil has a vertical 
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position; C and C1 are fixed to a thin sounding board, which is 
placed on a solid block. ‘The pieces C and C1 are connected by 
wires with the battery and receiving telephone. This instrument 
is of such marvellous delicacy as to convert into sonorous vibra- 
tions the slightest movement, and even a fly walking on the 
block, D, will cause a vibration which can be heard in a Bell 
telephone receiver at a distance of a mile from the transmitter. 
Fig. 246 represents another form of the Hughes microphone. 
A small pencil, C, of gas carbon, pointed at its extremities, is 
maintained in a vertical position between two carbons, D D'. 


The support of the upper carbon is arranged in such a way that 
the equilibrium and play of the pencil between the two carbons, 
and consequently the sensitiveness of the microphone, can easily 
be regulated at any moment. The two carbons are in direct 
communication with the two terminals, B B!. The whole is 
fixed ona small board and a wooden block, P. Two rubber 
legs insulate the block from extraneous vibrations. The slight 
frictions produced on the rough surface, E, of a band of emery 
paper are transmitted by the apparatus. A battery of two 
Leclanché cells, and a Bell telephone receiver placed at a dis- 
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tance, form acomplete circuit, comprising the carbon pencil, C, 
with imperfect contacts. 


ADER’S MICROPHONE. 


Fig. 247 represents the Ader transmitter, which is now the 
most extensively used in France. It consists of ten small car- 
bons, A A, arranged in two rows of five, and resting their 
extremities on three cross bars of carbon, B C D, fixed to a 
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small deal board, which receives the vibrations and serves at the 
same time as a cover to the apparatus. It is fastened to a leaden 
socket, P, supported by five rubber legs, in order to prevent the 
concussions of the floor from reaching the transmitter. 


D'ARSONVAL’S TELEPHONE. 


Fig. 248 represents the D’Arsonval telephone, which is based 
upon experiments proving that the power of the telephone is 
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greatly increased by bringing both poles of the magnet near the 
vibrating plate, while considerable advantage is also obtained 
by having them provided with flat bobbins very close together. 
By this means any too strong magnetic induction is prevented, 
the magnets, on the contrary, being somewhat weaker when 
encircled with thin and flat bobbins. The experiment of Marcel 
Deprez, in constructing his galvanometer, showed that the only 
active part of the circuit lies between the poles of the magnets. 
The application of this principle to the telephone can be easily 
and practically proved in the following manner: A magnet 
with flattened poles is brought under the vibrating plate of a 


telephone, and a wire, conveying an interrupted current, placed 
: between, but in such a way that it can be also placed outside 
the poles when required. It will be found that the plate will 
vibrate strongly when the wire is between the poles, and that 
the vibrations, when the wire is in any other position, will be 
either very weak or altogether absent. In double poled tele- 
phones, therefore, such as Gower’s, Siemens’, Ader’s, the parts 
of the coil circuits which are not between the poles may 
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be considered as simply useless. D’Arsonval has therefore 
selected the ring shape for the magnetic field, so as to submit 
the whole circuit to its influence—an arrangement that has been 
adopted by Klés for his electro magnets. One of the poles has 
a cylindrical core and carries the bobbin; the second has a ring 
shape and envelops the first, so that the whole bobbin is within 
the influence of the magnetic field. All the lines of force of 
the field are perpendicular to the wire coils, and consequently 
experience the maximum action of the current. 

The telephone is thus made in the simplest and most effective 
form. The magnet has the form of a spiral, which has the 
advantage of uniting the lines of force in a closed circuit. The 
two ends of the magnet hoop carry the cylindrical core—that is, 
the ring—and between these ends the bobbin is carried and 
enclosed, while the flat ends are brought as close as possible to 
the vibrating plate. The arrangement of the plate is very sim- 
ple; the metal case containing it is placed between the cylindri- 
cal core and the corresponding end of the magnet. The whole 
apparatus weighs only one pound, but despite these small dimen- 
sions, it repeats vocal sounds with great exactness, and so clearly 
that the tones can be heard throughout a room when the instru- 
ment is provided with a speaking tube. 


GOLOUBITZKY'S TELEPHONE. 


Fig. 249 represents Goloubitzky’s telephone, which is based 
upon the idea that several magnets, acting at the same time on 
the same diaphragm, would produce more energetic sounds, pro- 
vided that the vibrations produced were concordant. The poles 
of two horseshoe magnets crossing each other at right angles are 
placed in front of the diaphragm, in the annular region corre- 
sponding to the centres of vibration; the four poles of the two 
magnets form the four angles of a square, two poles of the same 
name being placed alongside each other. For the purpose of 
magnetization, they need only be held for five minutes against 
the poles of the magnetizing electromagnet. The diaphragm is 
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separated from the cylindrical box of the telephone by a small 
copper ring surrounding the border. It is stretched and held in 
convenient distance from the four magetic poles by the cover 
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carrying the telephonic mouth piece. If a hollow sound is pro- 
duced by tapping on the diaphragm through the opening of the 
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mouth piece, the adjustment is complete. The coils of the mag- 
net are first of all connected so as to correspond to the two 
different poles of the same magnet, and the two pairs of helices 
are subsequently joined for tension. Goloubitzky asserts that 
the power of his apparatus is four times greater than that of any 
other. | 
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Fig. 250 represents an apparatus which differs only slightly 
in form from one of the instruments shown in Prof. Bell’s patent 
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of January 80, 1877, but which Prof. Dolbear, of Tufts College, 
claims to have conceived of as early as September 20, 1876, and 
a week or two later to have employed a student named Stetson 
to make. Failing to do so, however, he personally began the 
construction of a pair, which were finished and tested in January 
or February, 1877. The instrument consists of a horseshoe 
permanent magnet, mounted upon a block fastened to a base; 
upon each pole is fitted a spool of wire, and a square piece of 
sheet iron, fastened to a wooden upright provided with a round 
hole or aperture in the centre, fig. 251, is arranged in front of 
and in proximity to both poles. 


~ 
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The special object which Prof. Dolbear had in view when the 
construction of these instruments was begun, was the obtaining 
of a patent, which, however, was not applied for until October 
81, 1877. On March 26, 1878, the patent office declared Dol- 
bear's application in interference with Bell’s patent of January 
80, 1877, and on July 21, 1888, the examiner of interferences 
awarded the priority of invention to Bell, saying that “ Dolbear’s 
testimony that at some time during the month of October, 1876, 
he concluded to try a sheet iron diaphragm for his telephone, is 
insufficient to overcome Bell’s evidence of completion in October, 
1876, and possibly earlier.” 


Fig. 252. 


Fig. 252 represents another modification of the Bell telephone, 
made by Prof. Dolbear, in which he employs a paper diaphragm 
with an electro magnet armature. 

Fig. 258 shows Prof. Dolbear's battery telephone, in which 
plates of two different metals are separated by a non-conductor 
in such a way as to make a shallow cell. Whena sound is made 
against one of these, as at I, the current from the cell is broken 
up into waves precisely like the movements of the sound waves, 
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and speech is rendered remarkably distinct from the employment 
of such a sounder. 

Fig. 254 represents a form of microphone transmitter devised 
by Prof. Dolbear. In this instrument a ring of wood, a a, has a 
plate of iron, p, screwed to one side of it, the plate being in 
metallic connection with a screw cup leading to a battery. Upon 
the opposite side of the ring is a cross arm, b, through which 
passes a screw, s, carrying a point which may be adjusted at any 


required distance from the plate, p. This screw, s, is also in 
metallic connection with the other terminal cup. 

If a battery of two gravity cells be put in circuit with this, 
together with a receiving telephone, and the point be screwed 
down so as to touch the plate, and a sound be made in the cavity 
in front of the plate, p, the circuit will be made and broken the 
number of times per second due to the pitch of that sound, and the 
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like pitch will be given out by the receiving telephone; the loud- 
ness of this sound will depend upon the ability of the receiver 
to respond to the pulsations. If the point be drawn back, so as 
not to touch the plate at all, and a drop of water be inserted be- 
tween the point and the plate, the articulation becomes remark- 
ably good, though the sound is not very loud. 

If a strong battery of fifty cells, or more, be put in circuit, and 
the screw be turned down so as to have a jumping spark between 
the point and the plate, the vibrations of the latter introduce a 
variable resistance in the air. If at the same time there is a 


Fiy. 254. 


strong current, the result will be very loud talking. In this de- 
vice it is found best not to use a very sharp point, but one having 
a surface like a sewing needle, with about one eighth of an inch 
broken off from the point. Such a one gives much better results 
than a sharp point, for the obvious reason that a greater quantity 
of electricity can pass from such a surface than from a fine 
point. 

Fig. 255 represents a modified form of the Edison transmitter 
devised by Prof. Dolbear. 
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This transmitter is attached to the door of a box containing a 
battery and induction coil. The diaphragm, A, is horizontal, 
and carries a carbon electrode, upon which rests a movable car- 
bon electrode connected by an arm with a delicately pivoted bar 
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Fig. 255. 


supported by the diaphragm cell. The local circuit is from the 
battery, B, through the carbon electrodes, and through the pri- 
mary of the induction coil, I. 
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THE CONDENSER TELEPHONE, 


On page 146 we have given a description of Edison’s con- 
denser telephones, Fig. 256 represents a form devised and de- 
scribed by Prof. Dolbear. 

This consists, in its simplest form, of two metallic disks about 
two inches in diameter, so mounted as not to be in metallic con- 
tact, and this is effected by turning a flange in a hard rubber 
case, so they may be kept apart by it. A cap is screwed down 
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upon each plate, one of them having a small hole in the middle 
of it to listen at; the other is a larger one, having a knob tumed 
upon it for conveniently holding it in the hand. Through the 
middle of the knob a screw is sunk which touches the back plate 
and serves to adjust it to the best position relative to the front 
or vibrating plate. The back plate is thus fastened at both 
edge and middle, which prevents it from vibrating, while the 
~ front plate is only fast at its edge, leaving the middle free to 
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vibrate. Each of these plates, A B, fig. 257, is in metallic 
connection with the induction coil so as to be its terminals. 
When thus connected, and one makes and breaks connection in 
the primary circuit, a click may be heard by holding the receiver 
near to the ear. If a Helmholtz interrupter be employed to 
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Fig. 257. 


make and break the primary circuit, the pitch of the fork can 
easily be heard, and with an Edison transmitter in the same 
place any kind of a sound will be reproduced. 

The explanation of this is easily understood. The electro 
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motive force generated by induction in the coil changes the two 
terminals in the receiver, one positively, the other negatively; 
they therefore attract each other. One of them is free to move, 
while the other is rigid. The middle of the free plate conse- 
quently moves slightly toward the other whenever they are elec- 
trified, and in so doing spends the energy of the electricity, 
while its elasticity brings it back to its place. It is not essential, 
however, that both of these terminal plates should be connected 
to the induction coil, for if only one is connected the recurring 
charges will cause the free plate to vibrate, fôr a charged body 


Fig. 258. 


will attract any other body ; so if the connection be to the back 
plate it will attract the front one and make it move, and if the 
connection be to the front plate it will attract the back plate and 
approach it. The effect will be increased by putting the finger 
upon the terminal that is free; not because it makes a ground, 
or completes an electrical circuit, for if the individual listening be 
as perfectly insulated as glass or hard rubber can make him, the 
sound is as loud as if he stood on the ground; but the individ- 
ual becomes electrified by induction, which has the same effect 
as enlarging the terminal. Consequently receivers are made 
having only one terminal wire (fig. 258), the other plate being 
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connected by a conductor to a metallic ring upon the knob, 
and this receiver is as efficient as the other. 

This structure is technically known as the air condenser, and 
the mutual attraction of the two plates has been employed as a 
means of measuring electric potential. In this case one of the 
plates is suspended from one arm of a balance, while the other 
is fixed underneath it at a short distance. The attraction of the 
plates when they are electrified requires an extra weight to 
keep them apart, and the weight necded is the measure of the 


attractive force. But the plates will attract each other when 
glass or mica or any other non-conducting substance is placed 
between them in the place of the air; and one might expect 
that if such an air condenser would give sonorous results, 
other forms of condensers would do so likewise, which is true. 
Indeed, whoever has charged a Leyden jar has probably noticed 
the sounds coming from it when it is nearly saturated. 

When the two plates of Epinus’ condenser, E, fig. 259, are in 
metallic contact, no sounds can be produced by it; but if they 
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are separated by a thin film of air, they will reproduce speech 
(fig. 260). In the first case the electricity passes from one 
plate to the other without doing work or changing its form; 
while in the latter, its form is changed and work is done, and 
between the best conductors, such as silver and copper and the 
perfect non-conductor air, there are all degrees of conductibility, 
and whenever electricity spends its energy upon an imperfect 


conductor it results in heating it; that is, in molecular and 
atomic vibrations. Consequently an undulatory current from an 
ordinary transmitter, when sent through an imperfect conductor, 
will set up sound vibrations in it which may be appreciated by 
the ear. Let, then, any poor conductor, like a disk of carbon, 
asheet of paper or of gelatine, or such chemical substances as 
ammonium chloride, be placed between the terminal plates, and 
an undulatory current sent through them will result in sound, 
and speech may be reproduced. 
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When a non-conductor, such as air, or vulcanite, or mica, 
separates the two plates, there is a complete transformation of 
the electricity at the limiting surfaces, and with small con- 
densers the efficiency depends upon the electro motive force em- 
ployed. For low electro motive forces, such as common bat- 
teries of a few cells can give, the effect is almost inappreciable, 
and for this reason such a receiver as this is quite free from the 
disturbance known as induction, which is so troublesome in 


the magneto telephone, such induced currents being generally 
of low electro motive force. 

Among the earliest experiments made by Prof. Dolbear while 
developing this method, was to attach one terminal wire from 
an induction coil to the outer coating of a Leyden jar, taking 
the other wire from the coil in one hand, and applying one ear to 
the knob of the jar. Every word spoken at the transmitter was 
distinctly heard, but the prickly sensation due to the electricity 
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was rather disagreeable. Another receiver, not less curious 
than the Leyden jar, was found in a pair of insulating handles 
made for the medical application of electricity (fig. 261). When 
these were connected to the coil wires, and one held in each 
hand by the wooden part, while the metallic ends were placed 
at the ears, any kind of a sound at the transmitter could be 
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heard without any difficulty, but of course they were accom- 
panied by the same sensations as were felt with the jar. Many 
forms of condensers have been employed with capacities too 
small to measure up to two micro farads, and these in all sorts 
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of relations, such as charging the plates from batteries, from 
Holtz machines, and also by charging the line as in cable works, 
etc., all of which give results that differ only in degree. 

Fig. 262 shows the condenser telephone in actual use, the 
transmitter being secured to the wall and the battery and induc- 
tion coil being placed on a box on the floor or in a convenient 
closet. Fig. 263 is a perspective view of the new receiver. 
Fig. 257 is a face view of the instrument, with a portion of the 
casing broken away to show the connection of the two binding 


posts, A, B, with the diaphragms, C, D. The adjusting screws 
by which the distance between the diaphragms is regulated are 
shown in the sectional view, fig. 256. Fig. 259 illustrates the 
principle of electrical attraction upon which the action of the 
new receiver is based; the electro static charge received by the 
plate, E, from the induction coil, attracts the pith ball suspended 
in front of the plate. Fig. 264 shows an induction machine with 
a separable primary coil, such as is used in the Edison transmit- 
ter and its various modifications. 
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Fig. 258 illustrates the essential features of Dolbear’s tele- 
phonic system. I being the induction coil, whose primary is in 
circuit with the batterv, B, and transmitter, T, the receivers, R, 


Fig. 264. 


are each connected with a single terminal of the secondary wire 
of the coil, I. 


Fig. 265 shows the Dolbear exhibit prepared for the Paris 
Electrical Exhibition, representing two similar instruments, 
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which in practice are placed at opposite ends of the telephone 
line. T is the transmitter, B the battery, I the induction coil, 
R the receiver, and G the ground. bisa key for cutting out 
the receiver when it is desired to talk. d e are the primary 
wires, f the secondary wire leading to the key, / the line connec- 
tion of the receiver, and č is the ground connection of the 
receiver. 


PROF. DOLBEARS LECTURE BEFORE THE SOCIETY OF 
TELEGRAPH ENGINEERS. 


In March, 1882, Prof. Dolbear lectured before the above 
named society on the development of a new telephonic system. 
He began his lecture with a brief description of Dr. Page's 
attempt to transmit sound through the agency of electricity in 
1837, and then described Farrar's proposal to transmit sounds 
of different pitches by the use of the vibrating armature of 


Fig. 266. 


an electro magnet (fig. 266) and a make and break transmitter, 
made of the reeds of a melodeon and operated by piano keys. 
After describing Helmholtz’s telephonic experiments, in which 
he used tuning forks in connection with electro magnets to re- 
produce sound at a distance, he referred to the operation of thie 
earliest musical telephone, which he described as the attempts of 
Philip Reis to solve the problem of transmitting articulate 
speech. In this connection he exhibited the diagram shown 
in fig. 267, as representing an instrument similar to the typical 
Reis transmitter, but having a shallower chamber, and stated 
that it was made by Albert, who was the instrument maker for 
Reis in 1868, and that it, along with many other forms which 
he made, was exhibited at the Paris Exhibition. 

He said that Reis invented a transmitter which would vary a 
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current of electricity, depending altogether upon the varying 
pressure brought about between two conducting surfaces when 
the surfaces were vibrated, and whether or not there was a break 
of contact depended upon the amplitude of vibration of the 
membrane; and that from many experiments made by himself, 
he could testify that such an instrument will talk, thus proving 
that the Reis transmitter will transmit. He also said that the 
Reis’ receivers would receive. The failure of Reis to make 
them receive “was due to the absence of the boxing up, and 
not to any defect in principle.” 

We think Prof. Dolbear allowed his wishes to run away with 
his judgment in this matter. He would like to be able to 
prove that Reis’ apparatus was arranged to transmit undulatory 
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Fig. 267. 


currents—an absolute requisite for the electric transmission of 
speech—and consequently that it did actually talk, for by this 
means he could perhaps get around the Bell patents and operate 
his “ new system.” 

But there is not a particle of evidence that the Reis apparatus 
was arranged to transmit undulatory currents, or ever transmit- 
ted articulate speech, before Mr. Bell showed how to do it. 
More than that, none of the Reis machines can be made to talk 
now, unless some new device, involving Mr. Bell’s invention, is 
added to them. Of course his transmitters can be easily modi- 
fied so as to transmit undulatory currents. In our work on the 
telephone, published four years ago, we said, “If we place two 
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common nails in a telephonie circuit and insulate them from each 
other, and then place a third nail upon them so as to close the 
circuit, a capital transmitter is at once made. The sonorous 
vibrations, falling on the nail, will be reproduced in the tele- 
phone with startling distinctness.” But while you can now talk 
with the assistance of three nails, thanks to Mr. Bell’s discovery, 
it would be folly to pretend that it had been done before. But 
after all, what better evidence is needed to prove that the Reis 
telephone never did talk, than that it ever ceased talking? 
We are not adding to the list of lost arts in the nineteenth 
century. When we discover a good thing we keep it and make 
the most of it. Imagine the discovery of the art of transmitting 
speech in Germany in 1863, and then its entire loss and redis- 


covery in America a dozen years afterward | 
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Prof. Dolbear next describes Prof. Bells invention of the 
speaking telephone as follows: “In 1876 Prof. Bell put forward 
another system, quite distinct from the Reis. He proposed, and 
I think he was the first one in the world to propose it, to speak 
to the armature of a magnet with the expectation that somebody 
else listening at the armature of another magnet inthe same cir- 
cuit might be able to hear what was said. His device you are 
all acquainted with. Fig. 268 contains an illustration of this 
arrangement. (In the figure the electro magnets are shaded, 
and the permanent magnets are indicated by poles.) But the 
principle involved in Prof. Bell’s arrangement is altogether 
different from that involved in the Reis arrangement. In this 
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casc, when two electro magnets are included in the same circuit 
with a battery, any motion of the armature of one will vary the 
current that is upon the line, because an electro motive force 
will be induced upon that line which will traverse the circuit to 
or fro, according to the direction of motion of the armature, and 
so will increase or decrease the attractive strength of the other 
magnet, causing vibration of its armature. I say that this was 
a new system, entirely distinct from the other. 

“ An improvement on that was to dispense with the battery 
and electro magnets, and employ permanent magnets in their 
place, and that condition is represented in fig. 269. This was 
an invention of my own in 1876. [This claim Prof. Dolbear 
has been wholly unable to substantiate.] But though the in- 
strument could be used for 15 or 20 miles under certain condi- 


Fig. 269. 


tions, its action was not reliable for long lines, and it became 
necessary, therefore, to find some means for making the telephone 
a more practical instrument. It did not seem possible to make 
the permanent magnet arrangement or the electro magnet 
arrangement any more efficient than it was. If the magnet 
was enlarged, no increased effect occurred, and if the size of the 
diaphragm was increased, a maximum was very soon reached; 
if it was made thicker it would not move so freely, and so on. 
Attention reverted to the original Reis device, and many at- 
tempts were made to improve his transmitter, or find a substi- 
tute for it Platinum was often tried, but was generally not 
very efficient, on account of its lability to break on the one 
hand, and to fuse on the other. Mr. Edison proposed to use 
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plumbago, and afterward lampblack encased in a short cylinder, 
and the vibratory movement of a diaphragm upon them was to 
subject either the plumbago or the lampblack to varying de- 
grees of pressure, and he found, or thought he found, that sub- 
jecting them to a pressure in that way would increase and de- 
crease their resistance. Afterward Prof. Hughes discovered 
that gas carbon, when in an unconstrained state, was as efficient 
or more „efficient than any other substance that had hitherto 
been appropriated to that use; and now when gas carbon is 
made to take the place of platinum in the Reis instrument, we 
have one of the most efficient transmitters that has yet been in- 
vented. This is shown in fig. 270, in which appears the identi- 
cal instrument invented by Reis, in all of its features, excepting 
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that carbon is used as a substitute for the platinum. Further- 
more, it is coupled up with a magneto telephone known as the 
Bell, and the arrangement is the original Reis system, plus the 
permanent magnet.” 

That is to say, if we take a Reis transmitter and make an 
Edison microphone of it, by removing the platinum make and 
break contact points and substituting carbon therefor, “ we have 
one of the most efficient transmitters that has ever been in- 
vented!” Unquestionably. But if we couple an Edison trans- 
mitter and a Bell receiver, and employ Bell's undulatory cur- 
rent, it strikes us that we have something more than “ the origi- 
nal Reis system, plus the permanent magnet.” We have the 
original Bell telephone, plus Idison’s improvements. 
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After describing various other telephonic devices and experi- 
ments, Prof. Dolbear exhibited what he called his own system, 
and explained it as follows: 

“In this case I shall have the device represented in fig. 271, 
in which I have a Reis transmitter, plus the carbon points, with a 
secondary coil, connected to one of the plates of my receiver. The 
undulatory current in the primary coil sets up varying electro 
motive forces in the secondary coil sufficient to work the instru- 
ment, and as the electro motive force is high, external resistance 
is a very small factor indeed, and the length of wire throug) 
which it will work is almost unlimited.” 

It will be observed that Prof. Dolbear included in “his own 


system ” not only an Edison carbon transmitter with induction 


Fig. 271. 


coils, under the guise of a Reis transmitter, but the vibrating 
diaphragm of Bell’s receiver, and actuated the whole by the 
employment of Bell’s undulatory current! 

At the conclusion of the lecture, Mr. Preece, who always has 
something interesting or amusing to tell on all occasions, said: 

“There is nothing more marvellous than the wonderful uni- 
versality of this power which electricity possesses of making 
everything reproduce speech. Now that we know what electri- 
city can do, the difficulty appears to be, not so much how to 
make apparatus speak, but how to prevent it from speaking. A 
very curious instance came beneath my notice in the very early 
days of telephony, some four years ago, when two men in à 
carpenter shop (I think it was at Worcester) heard a conversa 
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tion, and those who were conversing by telephone were certainly 
100 yards away from the carpenter’s shop, and out of earshot. 
The only connection between those who spoke and the carpen- 
ter’s shop was the fact that the wire connecting the telephones 
rested upon the carpenters bench, and upon that very spot 
there happened to be a bad joint, and there is no doubt whatever 
in my mind that that bad joint was a good telephone, and it re- 
peated the words that were spoken at the other end.” 

If all the “ bad joints” in the telegraph lines in this country 
should make up their minds to talk, there would be a worse 
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gabbling going on than was ever heard, even in a telephone ex- 
change. We trust this innovation won't cross the water. 


KOTYRA’S TELEPHONE. 


Fig. 272 presents a sectional view of Kotyra’s modification of 
Bell’s receiver. The core of the electro magnet is formed of a 
large number of small thin plates of tempered steel, cut out of 
the same bar and joined in the form of a horseshoe, M. Two 
bundles of plates, A A, of different lengths, are placed above, 
and over these two similar plates, N S, to which are attached 


368 THE SPEAKING ‘TELEPHONE. 


two iron cores forming the prolongation of the poles. The two 
coils, B B’, the diaphragm D, and mouthpiece, F, are of the 
usual Bell type. 

Fig. 273 shows the arrangement of the Kotyra system, in 
which the switch for placing the line in communication with the 
call bell or the telephone is enclosed in the box containing the 


Fig, 273. 


transmitter, the outer end terminating in a hook upon which the 
receiving telephones are hung. 


THE BLAKE TRANSMITTER. 


This apparatus, which is an improvement upon the Edison 
transmitter, and has practically supplanted it in this country, is 
represented in fig. 274. The contact of the two carbons, instead 
of being effected by the pressure of two pieces, one of which is 
stationary and the other movable, which renders the apparatus 
impressionable to exterior physical actions, is composed of two 
movable organs which are always in slight contact with each 
other, and entirely independent of the diaphragm. To obtain 
this effect, the piece d, which is not in direct contact with the 
diaphragm, and which serves as carbon holder, is arranged in 
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such a manner as to present at its extremity a heavy mass, g A, 
in which inertia takes the place of rigidity, which is obtained in 
the Edison instrument by attaching the carbon to the frame. 
As this piece, d, on the side of its point of attachment, is termi- 
nated by a spring, the contact is always effected under the same 
conditions of pressure. 


Fig. 274. 


To regulate the pressure of the system with reference to the 
diaphragm, Mr. Blake fastened the spring of the contact piece, 
g h, upon a metallic plate, F, arranged vertically, and itself sus- 
tained by a spring plate, 7, and as it carries at its lower part an 
inclined plane upon which rests the point, G, of a screw, J, it 
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becomes easy, by means of this screw, to conveniently regulate 
the pressure with reference to the diaphragm. 

_ The second contact, on the side of the diaphragm, has itself a 
particular arrangement; that is, a little grain of platina, one 
twenty-fifth of an inch in diameter by one sixteenth in length, 
which a spring, c, presses lightly against the carbon, h, and it is 
upon this grain that the diaphragm rests for the proper regula- 
tion of the apparatus. The carbon itself is composed of a 
particular substance not yet made public, but which it is thought 
to have for base lampblack. With this arrangement it is easy 
to comprehend that the disagreeable cracklings of the ordinary 
microphones are partially eliminated, since the pressure of the 
two contact pieces always remains the same, even though the 
diaphragm does not touch at all. Naturally, the current comes 
to this interruption by the suspension springs of the metallic 
grain and the carbon mass. The apparatus is, besides, arranged 
vertically, and has in front of the diaphragm a mouth piece, E, 
as in the ordinary telephones, and the current which actuates the 
telephone is supplied, as in the Edison transmitter, by an induc- 
tion coil, I, animated by a voltaic cell. 


POLLARD'S TELEPHONE. 


Fig. 275 represents Pollard’s modification of the Bell tele- 
phone, of which the upper part alone is shown in section. 

A is avery powerful horseshoe magnet, made of from two to 
three pieces, according to the dimensions of the instrument. 
These pieces are separated from one another, in the middle and at 
the extremities, by soft iron wedges. To the two outer ones is 
riveted the piece that carries the eye, m, by means of which the 
telephone is suspended, and to the middle one are screwed the 
soft iron polar appendages, ff, which serve as a cover to two flat 
bobbins placed opposite each other, as in the Siemens, Gower and 
Ader telephones, 

The two branches of the magnet enter a cylindrical block of 
wood, B, in which they are firmly held by the tightening up of 
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a brass cross piece by means of a screw, V, in the interior. The 
instrument is capable of being taken apart and put together 
very easily. The vibrating plate, L, of tin, is held by a box, 
made of wood, in two parts, which is movable. One of these 
latter, C, is screwed to the block, B, and the other, E, is fixed 
to the former by screws and serves as a mouth piece. 
Regulation is affected by revolving the movable box with the 
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hand, and consequently screwing it on to the fixed block. A 
metallic threaded ring, a, plays the role of a set screw and per- 
mits of fixing accurately the position of the vibrating plate after 
regulation. Under these circumstances the regulating is easily 
performed and is very precise, and, moreover, an inspection of 
the instrument may be made immediately by unscrewing the 
movable box. 
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In the large size the vibrating plate is about one fiftieth of an 
inch in thickness, and about three inches in diameter. The 
bobbins are of fine wire (No. 40) and possess, together, a resist- 
ance of 300 to 400 ohms. The wires are attached by means of 
bolts traversing the fixed block and having pliable cords con- 
nected with their extremities. 

In a smaller size the vibrating plate is only two and a haif 
inches in diameter and one seventy-fifth of an inch in thickness; 
and the magnets, which are smaller, are made of two pieces 
only. 

The large size constitutes an energetic transmitter and re- 
ceiver. It is less sonorous, Jess noisy than the Siemens appara- 
tus, but it is intense and remarkably clear. It has been advan- 
tageously employed as the sole apparatus in several of the 
telephone stations of the naval arsenals, and is destined to 
render service in laboratories as an apparatus for study and de- 
monstration. 

This telephone is capable of furnishing a direct call by regu- 
lating the plate so as to be very near the poles of the magnet, 
and by endeavoring to make it vibrate after the manner of a 
Reis transmitter. The succession of the shocks of the mem- 
brane against the polar appendages will give rise to intense cur- 
rents, which will be denoted by the receivers giving out a 
musical sound that may be heard at a distance. The intensity 
of this call may be increased by arranging between the bobbins 
a small tube containing a brass rod that is capable of moving 
freely in the interior. 

When the telephone is held in the hand for listening or speak- 
ing, the small mass of metal rests naturally at the bottom of 
the tube at the side of the block of wood and proves no obstacle 
to the working of the instrument. At rest, the telephone being 
suspended by the eye, m, and its mouth piece pointing downward. 
the metal then falls, and, while still remaining in the tube, rests 
upon the centre of the membrane. 

The regulation of the apparatus is performed, as in all mag- 
netic telephones, with great accuracy by endeavoring to get the 
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plate as near as possible to the magnet, without, however, hav- 
ing it beat against the polar extremities. 


BEÆTTCHER'S TELEPHONE. 


Fig. 276 represents Bættcher’s modification of Bell’s magneto 


telephone, arranged as a transmitter. This instrument 18 gaid to 


be not inferior to the best carbon transmitters, and is especially 
recommended for use in mines, where it is said the ordinary car- 
bon telephones cannot resist, for any length of time, the disturb- 
ing influences of these localities, and are continually getting out 
of order. The ordinary Bell receiver 18 employed with the 
Boettcher transmitter. 
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ADERS TELEPHONE WITHOUT A DIAPHRAGM. 


In fig. 277, which represents a longitudinal section of this in- 
strument, A is the ear piece; B, the outer case; C, mass of 
lead; D, copper disk, soldered on the lead; E, copper mass; F, 
India rubber mass; H, flexible envelope of India rubber for 
insulating the vibrations of the mass, C; M, a bar of iron one 
twenty-fifth of an inch in diameter, well annealed, and soldered 
to the mass, E, and to the disk, D; N, olive shaped bobbin 
wound with fine insulated wire, and piaced in the middle of the 
iron bar; O O, holes through the lead mass through which the 
conducting wires pass, The whole mass, C, D, does not fit tightly 
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in the case, B, but has about a twenty-fifth of an inch space 
around it, The difficulty which was presented in the first ex- 
periments with this apparatus was that of acoustically insulating 
two extremities of the iron wire, which is terminated at each end 
by metallic masses. In order to solve this problem, it was 
found necessary to envelop one of the two masses in India 
rubber, so that this mass could be placed in a metallic case fitted 
to the other mass, thereby preventing any confusion of vibra- 
tions. 

When simple voltaic currents are employed to work the in- 
strument, a well annealed iron wire must be employed; but if 
induction currents are used, as in the Edison system, which al- 
lows the apparatus to work over long distances, the iron wire 
should be replaced by a strongly magnetized needle. The in- 
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duced currents cannot work telephones constructed with a simple 
iron wire. 

The telephone is extremely portable and efficient, and, more- 
over, is, in outward appearance, similar to the ordinary Bell 
telephone. 

ADER’S TELEPHONE RECEIVER. 

In order to render the receiving telephone of Mr. Bell more 
powerful, Mr. Ader has sought to greatly increase the magnetic 
force by the reaction of an iron armature, and the results 
achieved satisfactorily show the advantageous effects which can 
be obtained by this kind of reaction. 

Suppose that before the poles of a horseshoe magnet, N S, 
tig. 278, is placed between two small columns, C C, a spring 


Fig. 278. 


plate, L L, sufficiently distant from the poles, N S, to be un- 
attracted by them; if we move toward this plate, L L, a mas- 
sive iron armature, A, we shall immediately see that the plate, 
L L, is attracted by the magnet, and that it returns to its normal 
position as soon as we remove the armature. There is then 
produced under the influence of the armature, A, an excessive 
excitement of the magnet, which has rendered it qualified to 
attract the plate. Let us try to ascertain the cause of this action. 

We know that the conditions of the maximum force of 
magnets in the reactions excnanged between them and their 
armatures, carry, in proportion to their respective dimensions, 
the equality of mass between these two organs. Consequently, 
the plate, L L, acting alone, has too small a mass to completely 
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utilize the magnetism of the magnet, and the armature, A, being 
more massive, ought to produce a much greater reaction ; but i! 
we consider that the plate, L L, being intermediate between the 


Fig. 279. 


armature, A, and the magnet, could, to a certain extent, serve | 
as a screen in the reactions exchanged between these two 
magnetic pieces, then we must examine and discover how the 
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magnetism is distributed upon the plate. In ordinary con- 
ditions, with a thick plate, the inverse effect to that previous! 
established ought evidently to be produced, for there should 
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have been developed between the armature, A, and the plate, 
polarities of contrary names. But in the present conditions the 
polarities developed upon the plate, L L, opposite the poles, N S, 
being of contrary names to these poles, and penetrating the plate 
through and through, by reason of its small mass, cannot oppose 
themselves to the polarities developed upon the armature, A, on 
the side of N S, to make them different from those that they 
would be without the intervention of the plate, L L. 


If we study the magnetic image of such a system without the 
interposed bar, we find exactly the same disposition of the lines 
of magnetic force, which clearly proves that they cross through 
the blade. The result then is, that on this side there are face to 
face polarities of the same name, which tend to exert a repul- 
sion and to augment, consequently, the effect produced on the 


opposite side. With this system there is then not only exces- 
sive excitement produced by the enlargement of the mass of the 
armature, but besides a tendency to facilitate the vibratory 
movements by the arrangement of the polarities developed. 
Such is the principle upon which Mr. Ader has established his 
receiving telephone, which is represented in figs. 279 to 282. In 
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this telephone the magnet is circular, as in the pony crown of 
Mr. Phelps; but Mr. Ader utilizes the two magnetic poles, to 
which are added oblong polar appendices of soft iron, and upon 
which are placed the helices of fine wire, B B. These helices 
occupy the centre of a small circular resonant drum, M M, 
formed by the diaphragm, and it is above this diaphragm that is 
placed the exciting armature made by a ring of soft iron, X X, 
placed at the base of the mouth piece, E, fig. 280. This mouth 
piece is made of ebonite and all the metallic pieces are nickel 
plated. In fig. 281 is seen, from the top, two oblong poles of the 
magnet, and in fig. 282 the diaphragm with the ring of iron, X, 
which surmounts it. This is the most popular telephone receiver 
in Paris, and is the one used at all the telephonic theatrical repre- 
sentations which were organized at the electrical exhibition, and 
which were heard at the office of the minister of the posts and 
telegraphs, and at the residence of the President of the Republic. 
It is competent to act as a Bell telephone transmitter as well as 
receiver, but it is with a microphonic transmitter, arranged by 
Mr. Ader, that it furnishes the best results. 


THE ADER TRANSMITTER, 


In the beginning Mr. Ader had fully appreciated the impor- 
tance of the action of the weight employed as an antagonistic 
force to the effect of vibration, but he then constructed his trans- 
mitter with a single contact. At present there remains only the 
exterior arrangements of the original apparatus, which is repre- 
sented in fig. 283, and the horizontal spruce board. The form 
of the transmitter has been changed from round to square. On 
the under side of a horizontal spruce board, D, fig. 284, has been 
placed the microphonic system, which is composed of a sort of 
double grating, with 24 carbon contacts, as shown in fig. 285, the 
bottom of the board being elevated to show the parts. 

This double grating is composed, as we see from the figure, of 
three traverses of carbon, a, b, c, upon which pivot 12 sticks of 
the same substance, E, E, forming at their extremities small trun- 
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nions adapted to freely turn in the holes made in the traverses ; 
there are then 24 turns and consequently 24 contacts, coupled 
by 12 in quantity, and each corresponding with two carbons 
united in tension. The induction coil is in B, and the suspen- 
sion hook serving as a commutator for the bell circuit and the 
telephone circuit, is seen at C. The bell call button is in M, 
and in P, in the interior of the wood of the desk, is a small 
lightning arrester. 
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These were the transmitters which were installed on the 
stages of the opera, of the Opera Comique, and of the Theatre 
Français, during the continuance of the Electrical Exhibition of 
1881, and which furnished the marvellous results so much ad- 
mired. In order to satisfy the demands of a numerous public, 
very eager for this sort of experience, they were obliged to in- 
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stall these telephonic transmitters in such a manner as to operate 
a great number of telephones ; and as they were willing that the 


Fig. 284. 


public should hear the opera by means of two telephones placed 
separately at each ear, it was necessary to arrange the transmit- 


Mig, 285, 


ters for a great number of double telephones. Naturally the 
receivers corresponding to these transmitters were those with 
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excessive excitement devised by Mr. Ader, which we have just 
_ described. 


THE TELEPHONE AT THE PARIS OPERA, 


One of the most popular attractions at the Paris Electrical 
Exhibition of 1881 was the demonstration of the marvellous 
powers of the Bell telephone, by its transmission of the singing 
on the stage and the music in the orchestra of the Grand Opera, 
to a suite of four rooms reserved for the purpose in one of the 
galleries of the Palais de l'Industrie, fig. 286. This demonstra- 
tion was given nightly between eight and eleven o'clock, and the 
enormous number of people who crowded the entrance to the 
building before the doors were open to the evening visitors rap- 
idly resolved themselves into patient queques as soon as they 
could obtain access to the gallery adjoining the telephone rooms, 
There they patiently awaited their time for admission, and the 
privilege of hearing for a few minutes whatever might be going 
on at the opera—solo, chorus, instrumental music, or possibly 
all three, until the allotted time had expired, and the listeners 
had to give way for a fresh instalment from the outside. In this 
way eighty telephones were constantly at work at the same time, 
the communication being shifted at short intervals to another 
set of eighty similar instruments in two other rooms. It may 
be remarked in passing that this distant audience of the perform- 
ance at the opera enjoyed their allotted moments of actual trans- 
inission and that interludes did not count. Certainly nothing 
has ever been done before so effectually to popularize science, 
and to render the masses familiar with the effect, however igno- 
rant they may be of the cause, of this marvellous invention, the 
first feeble voice of which was heard in the Centennial Exhibi- 
tion at Philadelphia, in 1876. 

The transmitters were microphones of the Ader system, 
placed in front of the opera stage, close to the footlights and be- 
hind them. Figs. 287 and 288 are a plan and longitudinal 
section of one of these transmitters. Each consists of ten small 
carbon pencils, A A, arranged in two series of five each, and 
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supported by three cross pieces, B C D, fixed to a small pine 
board, which receives the vibration and serves as a cover to the 
instrument. This board rests, as shown, in a massive block of 
lead, P, which in its turn is supported by four blocks of soft 
rubber. This arrangement is found to prevent any vibrations 
of the stage from being transmitted to the microphone, and the 
only movements taken up by the instrument are the sonorous 
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vibrations of the air. The microphone is in connection with a 
Leclanché battery and the wire of a small induction coil, similar 
to those found inside the Blake transmitter, and were mounted 
upon a small pine base, with the ends of the primary coil ter- 
minating at one end of the base and the ends of the secondary 
coil at the other. The line, laid in double wire, is connected 
on the one hand with the induction coil, and on the other with 
a series of telephone receivers placed in the rooms at the Palais 
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de l'Industrie. There are eight receivers thus coupled to each 
transmitter. The undulatory induction currents developed in 
the fine wire of the induction coil by the variation in intensity 
of the current traversing the induction wire react on the re- 
ceiver. There were ten such installations as we have just 
described on the stage of the opera, each with its own battery 
and induction coil and double line to the exhibition. As the 
batteries became rapidly polarized, two sets were provided for 
each transmitter, and the batteries were shifted every fifteen 
minutes by a commutator. 

The transmitters were arranged along the front of the stage, 
on each side of the prompter’s box, as shown in fig. 289, and 
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were connected by double subterranean wires placed apart in 
the sewers, with five rooms arranged for this purpose in the 
exhibition building. 

Fig. 290 is a diagram showing the complete arrangement for 
one circuit from the transmitter placed at the opera to the re- 
ceivers placed at the concert room. T, T, are the transmitters, 
S, S, are the commutators or switches for changing the circuit 
of the receiversfrom chamber No. 1 to chamber No. 2, for chang- 
ing the transmitter batteries at the opera house every fifteen 
minutes, and for cutting off the wires for the night which are 
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connected with the cables. ‘hese commutators were simply two 
rows of brass springs, which were opened and closed by insert- 
ing astrip of hard wood. The springs having black lines between 
their ends represent commutators which are open, and those 
without the black lines those which are closed. B, B, B, B, are 
the batteries, I, I, are the induction coils, P, P, are the terminal 
connections of the cables, C, C, are the cables of two wires laid 
in the sewers between the Grand Opera and the Palais de 
l'Industrie, a distance of about one and a quarter miles. R, R, 
are the receiving telephones in the concert rooms C, 1, and C, 2, 
of the exhibition in the Palais de l'Industrie. 

The public are supposed to be standing between the rows of 


receivers, so that each person has one receiver of each circuit, 
whereby he may follow the movements of the performers, 
because one of the circuits is connected to a transmitter which 
is on the right hand side of the stage, and the other circuit is in 
communication with a transmitter situated on the left hand side 
of the stage, as shown in fig. 290. 

The receiving telephone used in these exhibitions, and shown 
in fig. 291, is a magneto electric instrument, the magnet of which 
is formed into a ring so as to serve as a handle, A. The two 
cores, B B, are attached to the poles, and have wires coiled 
round them ; a soft iron ring, I’ F, is placed over the poles, and 
in front of the diaphragm. ‘I'he object of this ring is to serve 
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as a supplementary exciter, and give to the lines of magnetic 
force a direction perpendicular, instead of divergent, to the dia- 
phragm; by this arrangement the variations produced in the 
magnet by the induction currents of the coils have a maximum 
effect on the diaphragm, and greatly add to the clearness of the 
~ telephone. 

A new acoustic effect was discovered by Mr. Ader, and ap- 
plied for the first time in the telephonic transmission at the Elec- 
trical Exhibition. Every one who was fortunate enough to hear 
. the telephones at the Palais de l'Industrie has remarked that in 
listening with both ears at the two telephones, the sound took a 
special character of relief and localization which a single re- 
ceiver could not produce. It is a common experience that, in 
listening at a telephone, it is practically impossible to have even 
a vague idea of the distance at which the person at the other 
end of the line appears to be. To some listeners this distance 
seems to be only a few yards, to others the voice apparently pro- 
ceeds out of a great depth of the earth. In this case there was 
nothing of the kind. As soon as the experiment commenced 
the singers placed themselves, in the mind of the listener, at a 
fixed distance, some to the right and others to the left. It was 
easy to follow their movements, and to indicate exactly, each 
time that they changed their position, the imaginary distance at 
which they appeared to be. This phenomenon, which was very 
curious, approximated to the theory of binauricular audition, and 
has never been applied, we believe, before to produce this re- 
markable illusion, to which may almost be given the name of 
auditive perspective. The cause of this phenomenon, however, 
isa very simple one. In order to realize it, we may recall the 
stereoscope, which allows us to see objects in their natural relief. 
A similar effect 1s produced to the ear, and may be explained by 
referring to fig. 292. Each person is placed in front of a trans- 
mitter with two telephones, which receive the impression from 
two distinct transmitters, placed a certain distance apart. These 
transmitters are grouped in pairs, 1 and 6, 2 and 7, 3 and 8, 4 
and 9, and 6 and 10. Fig. 292 shows the arrangement for group 
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land 6. This group supplies sixteen telephones, adapted for 
eight listeners, but the transmitter T serves the eight telephones 
on the left, R, and the transmitter T’, the eight telephones on the 
right, R’, of the eight listeners When the singer is at the 
point A, the transmitter T is more strongly influenced than the 
transmitter T’; the left ear is, therefore, more deeply impressed 
than the right ear, and the singer appears to be on the left to the 
eight listeners of the group. When the singer is at A’ the trans- 
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mitter T’, is more affected than the transmitter T, and the singer 
appears to the right of the audience; these aural impressions 
change with the relative positions of the singers, and their move- 
ments can in this way be followed. The use of the double con- 
ducting wire has been necessary to obviate the effect of induc- 
tion, and in this respect ìt has been entirely successful, although 


of course it increases the cost. 
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Another interesting experiment was performed recently 
between the Hippodrome and the offices of the International 
Telephone Company, 15 Place Vendome. The orchestra of the 
Hippodrome, which plays during the day and evening for the 
two daily performances, was heard distinctly by numerous 
invited guests assembled at the Place Vendome. There were 
ninety-six telephone receivers, and, each auditor having two of 
them, forty-eight persons were enabled to hear at the same time. 
Owing to the fact that one of the two wires that usually serve 
for the direction of the Hippodrome was in use, only one wire 
was disposable for the experiment. The apparatus was arranged 
at the Hippodrome as follows: There were twenty-five micro- 
phone transmitters mounted on a single board, which was 
inclined slightly from the horizontal over the leader of the 
orchestra. The microphones were placed above the board and 
protected from dust by a light box. The board itself was 
supported by four cords. The battery consisted at the be- 
ginning of three Reynier-Faure accumulators. The intensity of 
the current was indicated by a Deprez galvanometer placed in 
the circuit, and was kept sensibly constant by adding to these 
three accumulators another, then another, until the total number 
was nine. The current of the battery was branched between 
the twenty-five microphones, then into the twenty-four primary 
wires of twenty-four induction coils that were mounted by twos 
in series of twelve on a derived circuit. The intensity of the 
current was twelve ampères. The twenty-four secondary cir- 
cuits of the twenty-four induction coils were grouped by fours 
in series, and six on a derived circuit. The resistance of each 
was 300 ohms, or, altogether, 1,200 ohms. The line from the 
Hippodrome, two miles in length, ended in one of the offices of 
the General Society of Telephones, Rue Petits-Champs, where 
also ended the line from the Place Vendome, which was a very 
short one. The receivers, which were of the Ader type, were 
grouped by sixteens in series, and six on a derived circuit. 
The clearness with which the music was heard was perfect, and 
all the auditors were perfectly satisfied with the result. In the 
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arrangements just noted, which were said to be an improve- 
ment over those employed at the Electrical Exhibition, the 
principal novelty consisted in the association of the twenty-five 
microphones on a derived circuit, and in the association of the 
twenty-four secondary wires of the induction coils for tension 
and quantity, as is done with voltaic battery elements, 
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We have deseribed on pag: 325 Edison's electro chemical 
telephone as it first appeared in practical shape; since then it 
has passed through a succession of changes, until it has finally 
assumed the compact and convenient form shown in fig, 298. 
The forin, however, is not the only change. In the first electro 
chemical telephone, the chalk cylinder was supplied with 
moisture by a movable roller which dipped in the exciting fluid 
and supplied it with moisture. This movable roller is now dis- 
pensed with, and the chalk cylinder is inclosed in a vuleanite 
box, seen at the end of the movable arm. The cylinder, when 
once moistened, remains in that condition for an indefinite 
period, as the box is practically air tight. 

The small shaft that runs parallel with the iron arm extends 
through the side of the box and carries the chalk cylinder. 
Upon the opposite end there is a small pinion moved by a 
worm, the crank of which is turned by the finger. The dia- 
phragm of the receiving instrument is covered by the front of 
the box, excepting a small central portion, which is quite suffi- 
cient for the exit of the sound. 

The arm which supports the receiving instrument is jointed, 
so that it may be raised vertically out of the way when the tele- 
phone is not in use. 

The transmitter is contained in the stationary rectangular 
box; its mouth piece projects slightly, and the diaphragm, which 
is of mica, is supported by a metal frame and springs inside the 
box cover. This transmitter is quite different from the carbon 
transinitters now so largely in use in this country. It is exceed- 
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ingly simple, and does not require frequent adjustment, while it 
ìs equally as sensitive as existing forms of transmitters. 
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Fig. 293. 


Fig. 294 shows the details of its construction. A vulcanite 
arm is secured to the centre of the mica diaphragm by means of 
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a small bolt, which is connected with one pole of the battery by 
a piece of metallic foil or very thin copper wire. The head of 
this bolt is platinum faced, and sunk deeply in the vulcanite 
arm, the same cavity containing also a piece of carbon pencil. 
such as is used for electric candles. The carbon fits the cavity 
loosely, and is rounded at both ends. Its outer end is pressed 
by a platinum faced spring, secured to the outer end of the vul- 
canite arm. The spring carries at its free end, exactly opposite 
the piece of carbon, a brass weight, and the pressure of the 
spring upon the carbon is regulated by the small set screw. <A 
wire or piece of copper foil, connecting with the spring, com- 
pletes an electrical circuit, which includes the primary of an in- 
duction coil contained in the rectangular box. The secondary 
wire of the induction coil is connected with the telephonic line, 
and a tertiary coil which envelops the secondary is connected 
with the rubber and chalk cylinder of the receiving instrument. 
Below the transmitter box are two keys, the right hand one 
being used for signalling, the left hand one for completing the 
tertiary circuit when a message Is received. 

The cylinder of the receiving instrument is made of precipi- 
tated chalk solidified by great pressure. ‘The fluid now used to 
suturate the chalk is a dilute solution of hydrogen disodic phos- 
phate.. Mr. Edison has found, by a long series of experiments, 
that the solution employed must be that of an alkali or the 
phosphate of an alkali, and the hydrogen disodic phosphate 1s 
found to be superior to all others. 

The operation of this telephone will be understood by refer- 
ence to the description of the first electro chemical telephone, on 
page 326. The vibration of the diaphragm of the transmitting 
instrument varies the resistance between the carbon and the two 
electrodes, so that a varying or undulatory current is sent 
through the primary of the induction coil; this, of course, pro- 
duces a secondary current of varying intensity in the secondary 
wire of the induction coil, which being in circuit with the sec- 
ondary wire of the induction coil of a distant instrument, pro- 
duces a current in the tertiary wire wound around the second- 
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ary coil. The tertiary current passes through the chalk cylin- 
der and the platinum faced rubber, and as the chalk cylinder 
revolves, the friction of the rubber is varied according to the 
variation of the primary, secondary and tertiary currents. The 
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Fig. 295. 


platinum faced rubber is connected with the diaphragm, and the 
“friction of the rubber is sufficient, when only a slight current 
passes, to pull the diaphragm forward as the cylinder is turned ; 
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but when the slightest increase of current is sent through the 
primary coil, the induced tertiary current transforms the fric- 
tional surface of the chalk into a frictionless surface, and the 
diaphragm springs back. All this is necessary to describe a 
single vibration of the diaphragm, thousands of which are re 
quired for the utterance of a single sentence. It is not necessary 
that the current should be broken to produce the desired effect 
in the receiver. Indeed, it is probable that an absolute break 
never occurs in the ordinary use of the telephone. An ordinary 
call bell is adopted in this system as a means of giving an 


alarm. This telephone is unrivalled for loudness of speech, and 
an electro magnet is not required in its construction. The sys 
tem is covered by the Bell patent, and Edison's improvements 
belong to the American Bell Telephone Company. 

Fig. 295 shows a call box containing an Edison transmitter 
and a Gray bipolar receiver. This instrument was one of the 
most effective modifications of the Bell telephone brought out 
in this country. 

Fig. 296 represents the arrangement of the circuits with the 
Edison system. 
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Fig. 297 represents a modification of the Bell telephone de- 
vised by Mr. Gray, in which no permanent steel magnet is used ; 
nor is there connected with it a battery current flowing through 
the main line. Instead of a permanent steel magnet, such as is 
more commonly used in speaking telephones, Gray used an 
electro magnet, B, which is held permanently charged by a local 
battery. The electro magnet C, which is next to the diaphragm, 
and which connects with the line and ground, and a correspond- 
ing magnet at the other end of the line, are charged by induc- 
tion from the core of the magnet, B, which is charged from the 
local battery. 


2 


Fig. 297. 


Before a battery current had been passed through the coils, 
and while the cores were perfectly neutral, Mr. Gray made the 
following experiment: he connected the telephones to the two 
ends of the line, as shown in fig. 297, and put on a local battery 
at station No. 1, shown at the right hand of the diagram, con- 
necting the battery with magnet B, through the wires 4 4. The 
local battery at station No. 2, at the left of the diagram, was for 
the time left unconnected, so that the core of the magnet B, and 
also that of C, were both in a neutral state. He now placed his 
ear to the telephone at station No. 2, and had his assistant speak 
in a loud tone into the instrument at station No. 1, which had 
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the local battery attached, and was therefore in condition to 
transmnit the electrical vibrations produced by the motions of 
the diaphragm acting inductively upon the then magnetized 
electro magnet C. Although the vibrations were passing 
through the circuit, and consequently through the coils of imag- 
net C, at station 2, he could get no audible effect until he puton 
the local battery and charged the cores of the magnet at the re- 
ceiving end of the line. Immediately after this was done he 
could hear every word loudly and distinctly. He then threw 
off the battery at station 2, when he could hear the words verv 
faintly, and he was able then to transmit very faint sounds, due 
wholly to the residual charge left in the iron after the battery 
was taken off. It is easy to see why no sound could be trans- 
mitted from the apparatus before it had been charged by the 
battery, because there was neither electricity nor magnetism 
present, nor had we any of the conditions necessary to produce 
either of these forces by simply speaking against the diaphragm. 
This was not true, however, of the No. 1 station, because the 
battery was connected and the magnet charged. No doubt 
there was some effect produced upon the receiving magnet, for 
the electrical impulses passing through the line must have been 
the same whether the magnets at the receiving end were charged 
orin a neutral condition. This one fact, however, was prominently 
brought out, that in order to make an electro magnet, which is 
the receiver of rapid vibrations (such as will copy all the mo- 
tions made in the air when an articulate word is uttered), sensi- 
tive to all the changes necessary in receiving sounds of varving 
quality, it must be constantly charged by some force exterior to 
the electrical vibrations sent through the wire from the trans- 
initting station. We were well aware that this condition is un- 
necessary where the force transmitted is of sufficient magnitude, 
or where the signals are of sufficiently long duration. Mr. 
Gray’s experiments led lim to the conclusion that a soft iron 
core is far more susceptible to the slight changes in the electn- 
cal conditions of the wire surrounding it when it is already ina 
high state of magnetic tension. 
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BREGUETS TELEPHONE. 


Fig. 298 represents M. Breguet’s modification of the Bell tele- 
phone. The transmitter and receiver are alike, and consist 
simply of a glass vessel containing a layer of mercury, over 
which floats a layer of acidulated water. Into this water dips 
the point of a glass tube containing mercury. 

The upper part of the glass tube contains air, and may be 
open to the atmosphere or closed by a vibrating diaphragm. The 
circuit is formed by connecting the mercury in the tube and 
vessel of the transmitter with that in the receiver. When one 
speaks over the top of the tube of the transmitter, the vibrations 
of the air are transmitted through the mercury to the point of 
the tube where the mercury makes contact with the acidulated 
water of the vessel by the fine capillary bore of the tube. Here 


Fig. 298. 


the electro capillary action takes place, the vibratory motions of 
the mercury generating electro capillary currents, which traverse 
the circuit to the receiver, and by a reverse process reproduce 
the air vibrations at the top of the tube of the receiver. 

Mr. Breguet claims that this telephone will act through sub- 
marine cables with instantaneous effect, because it will only 
establish variations of potential at the sending end of the line, 
and, unlike other telephones, will not generate currents to flow 
through the line. But this claim does not appear to us to be 
justifiable, since currents must result in the line from the varia- 
tions of potential set up; and, if there is to be any communica- 
tion at all, they must travel throughout the length of the cable 
from end to end. 
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A VIBRATING BELL TELEPHONE SIGNAL. 


Colonel Jacobi’s telephone call, in which the bell is set free by 
the motions of the diaphragm, is based upon the same princi- 
ple as the Ader signal. Fig. 299 shows how the apparatus is 
constructed. Beneath a telephone, A, of the Siemens system 
there is adapted a spring bell arrangement, operating in such a 
way that when the lever, C, is depressed the bell rings, and when 


Ss 


a 
— 


—— m- 
OS 
— 
———— 
—_—_— 
— 
—— 
J) ————— 


ic 


i 


E ——— Si 


J | T i 


he | 


i i i 


| 
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it again assumes its position of equilibrium the ringing ceases. 
The mouth piece of the telephone is provided with a groove in 
the middle, which serves as a point of suspension for a small 
plate, E, carrying at its extremity an insignificant weight. When 
the diaphragm vibrates strongly, its vibrations cause the fall of 
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plate, E, which acts upon the lever, C, and sets the bell free. 
The latter then continues to ring as long as the lever, C, remains 
down. 

The vibrations necessary to effect the ungearing of the bell 
are produced at the transmitting station by means of an ordinary 
Siemens whistle. When the two persons who wish to converse 
have exchanged their call signals, they each lock their levers by 
means of the rod, F, lower their plates, E, and begin their con- 
versation. The talk finished, each one puts his apparatus in its 
former position. The fall of the plate, B, may also be employed 
for closing the circuit of an electric bell connected with a local 
battery. 


CHAPTER X. 


HISTORY OF THE INVENTION OF THE ELECTRIC SPEAKING 
TELEPHONE. 


Before entering upon the history of the invention of the elec- 
tric speaking telephone, we will present a condensed statement 
from the able and exhaustive report of the examiner of inter- 
ferences in the United States Patent Office, on the state of the 
art at the time when Mr. Bell’s great discovery was publicly an- 
nounced. 

The word telephone, although popularly employed to desig- 
nate an apparatus for the electrical transmission and reproduc- 
tion of articulate speech, has no such limited meaning, compre- 
hending equally any device for conveying sounds to a distance. 
There are two classes of electric telephones now recognized, the 
musical or harmonic and the articulating, the capacity of the 
former being limited to the production, and of the latter to the 
reproduction, of sounds. The first class embraces those instru- 
ments wherein the electric current operates in part as a regula- 
tor and in part asa producer. By virtue of the electrical im- 
pulses created, the sounding devices are caused to vibrate at 
their normal rate, or at a rate determined by the number of 
pulsations, and thus produce a musical tone, which is the expo- 
nent of their normal rate, or of the electrical pulsations, however 
the latter may have been created. The second class embraces 
all instruments wherein the electric current, operating as a motor, 
is controlled by and acts upon the sounding device to reproduce 
an original tone. The two classes differ from each other in that 
the one produces, whereas the other reproduces, sound vibra- 
tions. 

All sound results from vibrational motions communicated to 
the air, and possesses three characteristics, ù% e., pitch, loudness, 
and timbre, or quality, which are dependent upon the rate, am- 
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plitude, and form of vibration. To produce a given sound it is 
only necessary to establish its characteristic vibration ; to repro- 
duce a sound it is necessary to repeat the original vibrations in 
all their parts. 

In the electric current is found a medium capable of receiving, 
transmitting, and rendering into audible vibrations, pulsations, 
or impressions, in all respects the equivalents of sound waves. 
But as sound waves possess three characteristics, it is obvious 
that to reproduce any given series of acoustic vibrations it is 
essential that the impressions shall be produced in the first 
place by that series. If, on the other hand, electrical pulsations 
are created in imitation of those which would result from the 
direct action of sound waves, audible vibrations will be produced 
which are the expression of the electrical pulsation, but not of 
original sounds. | 

Pure musical tones, being devoid of quality, or timbre, may 
be produced by imitating their constituents—rate and ampli- 
tude; and, as vibrational or pendulous motions may be effected 
by the intermittent application of force, it is not essential that 
the intermediate periods should be controlled. Not so, how- 
ever, with sounds possessing quality, or timbre, the distinguish- 
ing feature of articulate speech; here the form of vibration— 
the motion of the air particles between the extremes of con- 
densation and rarefaction — determines the character of the 
sound, and, as they never cease, they must at all times find ex- 
pression in and become a constituent part of the impressed 
current. 

A wide distinction exists between the transmission and pro- 
duction or reproduction of musical tones, and the transmission 
and reproduction of articulate speech, as well as between the 
instruments for effecting these operations. To transmit elec- 
trical impulses bearing the impress of musical tones, it is only 
necessary to establish the same rate of vibration. If we do this, 
and nothing more, the receiving instrument will give a tone 
whose pitch is represented by the number of vibrations, modified 
by the normal tone of the receiver. Such a tone is without 
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quality or timbre other than that supplied by the instrument 
itself, and it makes no difference how the pulsations are pro- 
duced so long as they possess the necessary rate. This may 
be effected by periodically interrupting, augmenting, diminishing 
or reversing the electric current. 

Inasmuch as articulate speech and all sounds having anally 
possess, over and above rate and amplitude, what is termed 
“ form of vibration,” it is apparent that before we can transmit 
we must first impress their characteristics upon the current. 
To do this the current must be constantly and uniformly con- 
trolled during the entire interval between the succeeding im- 
pulses which serve to establish the rate (pitch) and amplitude 
(loudness) of the sound vibration. 

The irregular motions incident to “quality ” must in some 
way be impressed upon and expressed by the current. If, dur- 
ing any portion of the vibration, these “quality ” producing 
motions are not registered, to that extent is the sound lost or 
mutilated. ‘The same is true of the receiving instrument. It 
must be so constructed and controlled in its motions by the 
current as to lose none of its impressions. 


THE INVENTION OF THE MUSICAL OR HARMONIC TELEPHONE. 


The production of musical tones by the electric current was 
first observed by Page in 1837, who noticed that a ringing 
sound—which he called galvanic music—proceeded from a 
horseshoe magnet when it was brought within the influence of 
a coil of insulated wire through which an interrupted current 
passed ; and he also found the same result could be produced 
by rapidly rotating an electro magnet in front of the poles of a 
horseshoe magnet. These phenomena were afterwards made 
the subject of investigation and experiment by a number of 
scientists, with a view to determining the probable cause. The 
sounding media included bars, rods and wires of iron and 
steel; wires stretched on sounding boards; bars free and 
clamped at one or both ends, Those magnetized by induction 
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gave louder tones. Stretched wires gave forth sounds when the 
interrupted current was passed through them without the use of 
a helix; in this case the sound could be reinforced by the 
simultaneous passage of a continuous current. The rheotomes 
generally employed gave no tones, but De la Rive used one 
wherein a spring vibrated by a toothed wheel (fig. 300) broke 
the current and emitted a musical tone. 

As the result of all these investigations, the conclusion was 
reached that the sound was due to molecular changes, produced 
by the alternate magnetization and demagnetization of the metal, 
and that these motions were isochronous with the interruptions. 
For the production of the interrupted currents universally em- 
ployed in these experiments, it was customary to use rheotomes or 
circuit breakers, some of which were operated by hand, others by 
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clock work (fig. 301), and others by the current itself, being entire- 
ly automatic in theiraction. The springs or armatures of many of 
these automatic circuit breakers produced musical tones by vir- 
tue of their rapid vibrations, and although no importance had 
been attached to this circumstance as influencing the sounds 
produced by the current, it had been proposed that this principle 
might be employed in constructing musical instruments, 

While these investigations were progressing respecting Page’s 
galvanic music, Bourseul was speculating upon the possibility 
of transmitting and reproducing speech by means of the electric 
current; but it was from the wonders of telegraphy, and not 
from galvanic music, that he drew his inspiration, and prophe- 
sied the transmission of speech by electricity, an announcement 
so novel and incomprehensible at the time that Du Moncel, by 
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whom the account was first published, pronounced it a fantastic 
idea. : | 

Although Bourseul is entitled to the credit of first suggesting 
the possibility of transmitting sounds by electricity, and of the 
operations necessary to the accomplishment of such result, he 
fails to disclose any means for performing the described operations 
or of producing the desired result. His mode of reasoning and 
the conclusions deduced therefrom are as follows: We know 
that sounds are made by vibration, and are adapted to the ear 
by the same vibrations which are reproduced by the intervening 
medium. But the intensity of the vibrations diminishes very 
rapidly with the distance, so that it is, even with the aid of 
speaking tubes and trumpets, impossible to exceed somewhat 
narrow limits. Suppose that a man speaks near a movable disk, 
sufficiently flexible to lose none of the vibrations of the voice; 
that this disk alternately makes and breaks the currents from a 
battery ; you may have at a distance another disk which will 
simultaneously execute the same vibrations. 

It was a self evident proposition that to reproduce the sound 
vibrations was to reproduce the sounds. Hesuggests what is to 
be done, leaving it to the inventor to supply the means. The 
circuit breaking transmitter proposed, he acknowledges, will not 
reproduce the variable motions of the sound waves; and although 
he considers this of slight consequence, it is obviously of vital 
` importance. Not only is the described transmitter defective, 
but the manner of constructing and operating the receiver is left 
to the imagination. 

The value of many alleged conceptions and disclosures is 
typified in this description. Presuming that certain results will 
follow the establishment of certain conditions, they suggest 
generally a method for bringing about those conditions The 
conception is inadequate and the mechanism insufficient, but 
after trial and experiment they, orsome more successful inventor 
managed to supply or interject the vitalizing element by addi- 
tion, subtraction or entire change in principle and structure ; and 
although the later period marks the first stage of actual inven- 
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tion, they seek to establish the earlier date, simply because they 
then commenced to speculate upon the subject. 

But it is obvious, as in the present case, that the invention— 
the production of a given result by specified means—had not been 
conceived or accomplished. However suggestive this apparatus 
of Bourseul’s, it was never developed by him, for the probable 
reason that he did not have the requisite knowledge. The ap- 
proximations obtained, he says, promise a favorable result, but 
no further information is furnished, and the presumption is that 
if he made additional effort he failed. 

Helmholtz had established the existence of three distinct prop- 
erties or characteristics of sound vibrations, namely, pitch, 
loudness and quality or timbre. The pitch of a sound, as deter- 
mined by the number of vibrations executed in a given time; 
the loudness, by the amplitude of the vibrations; and the 
quality or timbre, whereby tones of the same pitch and ampli- 
tude, given by different instruments, are distinguished from one 
another by character or form of vibration, Articulate speech is 
dependent upon the co-existence of all three of these constitu- 
ents for the vibrations incident to pitch and loudness, and unless 
modified by those which go to establish the form of vibration, 
will be devoid of quality, and produce only that succession of 
musical tones incident to the number and amplitude of the 
vibrations.. It is apparent that Helmholtz’s researches, while 
confirming Bourseul’s anticipations as to the necessity of repro- 
ducing all the vibrations imparted to the transmitter, magnified 
the apparent difficulties, and rendered more speculative and un- 
certain the agencies to be employed. The only method known 
to the art at this time for producing electrical impulses such as 
would develop the motive power at a distance, were the inter- 
rupted voltaic and the magneto electric current. The former 
we have considered; the latter, though in its infancy, was 
understood, and had been practically applied in operating 
instruments. 

Prescott, in his work on The Electric Telegraph (1860), re- 
ferring to the instantaneous magnetization and demagnetization 
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of iron cores by the interrupted current, mentions the facility 
with which the current may be interrupted and re-established 
hundreds and even thousands of times a second, producing pul- 
sations that, acting through an electro magnet upon an oscillat. 
ing lever, produced musical notes, and confidently asserts that 
the adaptation of this power to the production of music upon 
telegraphic piano fortes, at any distance which may be desired, 
is a matter of the utmost simplicity, capable of being success 
fully carried into practice by any one who has the money and 
taste for the experiment. Even this method of producing musical 
sound by the rapid oscillations of an armature was dependent 
upon pulsating currents due to interruptions. To these in- 
stances may be added the observations of Noad in 1857, that 
the sounds produced by an interrupted current acting through a 
helix upon an iron core varied with the velocity of the interrup- 
tions, and that different sounds could be produced by the em- 
plovment of toned wires and rods. 

Thus the art stood when Reis presented to the world his tele- 
phone. The idea of causing sounds to produce sounds at a 
distance through the intervention of the electric current was 
both novel and captivating. Had the proposition not been 
supplemented by demonstration, it would, no doubt, have shared 
the fate of Bourseul’s Tangible evidences were, however, 
furnished in the form of working instruments; and although it 
nowhere appears that they satisfied the conditions prescribed 
for the reproduction of sounds having quality—that is, the vibra- 
tional curves produced were not the same as those of the 
inducing sound waves—sounds were in fact produced bearing a 
resemblance to the originals. The characteristics of these 
sounds and their relations to the vibrations from which they 
were derived is not clearly evidenced. Not only do they suffer 
by translation, but upon comparison it will be found that the 
earlier authors are much more sanguine as to its future, give 
more credit to its productions, and show they are more or less 
influenced by the novelty of the performance. It was at first 
regarded as opening a new field for the application of electricity 
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to the useful arts, and was looked upon as an invention of value 
in the hands of improvers; but as its capacity became better 
understood, and as such improvements as were added did not 
materially change the results, its reputation began to wane, until 
in the course of a few years it was mentioned only as an interest- 
ing philosophical apparatus—a scientific toy—and thus it re- 
mained, well known, but to all intents and purposes dead, until 
resurrected for the purpose of belittling subsequent inventions, 

The striking similarity existing between the method and ap- 
paratus suggested by Bourseul and those described by Reis 
would seem to indicate that the latter was but an imitator, his 
first description occurring seven years after the former's an- 
nouncement. 

No less than four distinct varieties of telephones are attributed 
to Reis. The first is described by the inventor, in 1861, and 
by Dingler, in 1863; the second by Legat, in 1862 ; the third by 
Cosmos, in 1864; Koenig, in 1865; and Van der Weyde, in 
1869; and the fourth by Pisco, in 1865; Hessler, in 1866; and 
Ferguson, in 1867. As determined by the earliest date of pub- 
lication, he is thus accredited with a different apparatus in each 
of the years 1861, 1862, 1864 and 1865, and, with the exception 
of the 1862 devices, two or more descriptions of cach instrument 
have been produced. 

The four transmitters were without exception so designed and 
operated that the diaphragm, when set in motion by sound 
waves, should sever or break the electric circuit at each vibra- 
tion. Of this fact there can be no doubt. Not only do all the 
writers on the subject agree in so stating, plainly and unequivo- 
cally, but judging froin the receiver employed and its supposed 
capacity, it could not have been otherwise. This receiver, which 
Reis himself says is one of the well known instruments for pro- 
ducing galvanic sound, is almost identical with that described 
by Noad in 1857, and it had been determined by Poggendorf 
-and others that such sounds could only be produced by an 


interrupted current—a proposition neither questioned nor modi- 
fied by Reis. 
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The apparatus of the first, third and fourth periods were 
identical in principle and mode of operation, differing from each 
other only in details of construction. 

The first transmitter consisted of a cubical block of wood 
having a conical perforation, the smaller end closed by a mem- 
brane diaphragm, A thin strip of platina was fastened to the 
centre of the diaphragm, and upon this rested a platina point 
carried by a strip of thin metal. The point and strip of platina 
constituted the terminals of the circuit. 

The third transmitter, fig. 802, differed from the first by the 
substitution of a box for the cube, the addition of a mouth piece 
or tube to the side, and the arrangement of the diaphragm on 
the top. 
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The fourth was the same as the third, with the exception of 
the method of fastening the diaphragm and the arrangement 
of the contact piece. The diaphragm was stretched over a 
ring and held by a thread, the ring being placed in the top of 
the box. The thin strip carrying the point was replaced by a 
right angled strip—one end perforated and passed over a pin to 
retain it in place, the other carrying a point dipping into a cup 
of mercury, while the contact point, which rests upon the platina 
disk, was situated at the angle. 

This instrument, fig. 803, represents the last and most im- 
proved form of the Reis telephone, and is provided with a 
Morse telegraph key and sounder for signalling. 
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The receivers for all three of these are the same. It consists 
of a knitting needle or wire passing through a helix and resting 
upon bridges fastened to a resonant case. 

The second instrument, described by Legat, fig. 304, differs 
from the others in structure, but not in mode of operation. In 
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this apparatus the diaphragm was fastened to the smaller end 
of a metal cone. A delicately pivoted lever was held in con- 
tact with the centre of the diaphragm by a light spring, the 
other end of the lever making contact with an adjustable 
spring. 

The receiver consisted of an electro magnet and a long and 
broad metal plate, resting on pivots near the centre and carrying 
at its lower end an armature. 

The manner in which these instruments were constructed and 
used would seem to preclude the reproduction of the quality of 
sounds, whatever they may have accomplished in the way of 
pitch and amplitude, and none of the publications referred to 
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show the contrary. If we follow the directions given, the con- 
tact point must be so arranged and disposed that, not being 
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Fig. 304. 


able to follow the retreating membrane, but lagging behind, it 
shall be struck, and its inward course intercepted by the next 
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outward movement of the diaphragm. Under such conditions 
it is obvious that the forin of vibration of the sound wave can- 
not be maintained or impressed upon the current. During 
part of a vibration the two electrodes are approaching each 
other, impelled by dissimilar forces, move together, sepa- 
rate, and then move in the same direction, but not together. 
Such was their described action, and any alteration or change 
which involves a departure therefrom is not the same inven- 
tion. 

A great diversity of opinion is manifested by the authors 
referred to, as to the capacity of the apparatus to reproduce 
sounds, which can be explained in no other way than upon the 
hypothesis that as the subject became better known there was a 
truer appreciation of the performances of the apparatus. 

Taking the authorities in the order of publication, and with- 
out regard to the special devices employed, we find the follow- 
ing statements: Reis: Melodies sung not very loud were ren- 
dered “audible.” Complete chords of three notes of a piano, 
upon which the transmitter was placed, were “reproduced ;” 
also the “sound” of other instruments; not possible to repro- 
duce human speech with a distinctness sufficient for every one; 
consonants for the most part reproduced pretty distinctly ; 
vowels not in an equal degree. Legat (three different trans- 
lations): Chords and melodies transmitted with marvellous ac- 
curacy ; vowel sounds more or less indistinct; single words 
indistinctly recognizable, though inflection clearly reproduced. 
Dingler: Melodies “ heard ;” “if we are not so far advanced that 
we can converse with a friend a hundred miles away and yet 
recognize his voice as though he were sitting alongside of us, the 
impossibility of attaining this result can no more be claimed.” 
Cosmos: “Fantastic minds have singularly exalted the qualities 
of this apparatus; they have undertaken to indicate for it at 
once an office which it is far from being able to fill. When 
one sings the musical scale at the transmitter, there needs an ear 
well trained to distinguish the sound repeated by the receiver 
in the midst of the vibrations which agitate it.” Only able to 
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recognize the successive rise and pitch. “ The electrical trans 
mission of musical sounds is therefore a problem of which the 
true solution has not been found; and all the magnificent prom- 
ises which have been made and published on the subject of 
acoustic telegraphy seem to us still to belong to the region of 
illusions.” Koenig: Intended to transmit “sounds” to a dis- 
tance. “Sounds” produced a continuous “sound,” not of good 
quality, and cease from time to time. Transmitter far from 
perfect. Pisco: “In my experiments with the telephone, the 
rod never changed its pitch, even with the most different tones 
and sounds, and always produced only the rhythm of the words 
sung or spoken. The aria of the song sung into the instrument 
could generally be recognized from the rhythm. The apparatus 
of Reis is indeed a ‘telephone,’ but not a ‘ phonic telegraph,’ and 
may be classed with the most beautiful and interesting of schoo! 
experiments.” Tones and melodies sung into the transmitter 
always effecta “sounding” of the rod, “without a change of pite, 
simply with the reproduction of the rhythm of the respective 
song or words.” Hessler: Sufficiently strong tones from organ or 
voice produce tones and combinations of tones. The telephone 
ig yet in its infancy, it is true, but even now, by employing 
powerful currents, it transmits at a distance not only solitary 
tones, but even tunes, consisting of slow consecutive tones, quite 
perceptibly and distinctly. Ferguson: An instrument for tele 
graphing notes of the same pitch ; note weak, and in quality re- 
sembles the sound of a toy trumpet. Van der Weyde (18641: 
“An instrument which transmits directly the pitch of a sound by 
means of a telegraph wire.” In its present state has no practical 
application, but is a mere scientific, though highly interesting. 
curiosity. “ No quality of tone can be transmitted, much less ean 
articulate words be sent, notwithstanding the enthusiastic pre 
diction of some persons who, when they first beheld this appar- 
atus in operation, exclaimed that now we would talk direct!y 
through the wire. It is from its nature able to transmit only 
pitch and rhythm—consequently melody, and nothing more 
No harmony, no different degrees of strength or other qualities 
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of tone, can be transmitted. The receiving instrument, in fact, 
sings the melodies transmitted, as it were, with its own voice, 
resembling the humming of an insect, regardless of the quality 
of the tone which produces the original tune at the other end of 
the wire.” 

Experience demonstrates that inventions and discoveries in- 
volving novel ‘principles of construction and operation are, as 
a rule, developed and enlarged upon in the hands of skilled op- 
erators, and unless overestimated by unskilled or incompetent 
judges, their first performances are improved upon, or at least 
equalled, the capacity of the apparatus enlarged, and the range 
of application increased ; and this in proportion as they become 
better known and understood. 

With Reis’ invention the contrary appears to be the case. 
The best results are accredited to the first and crudest instru- 
ments; later improvements, added by the inventor himself, 
diminished its capacity, until finally, after years of experience 
and trial, it had so far degenerated as to be incapable of more 
than approximating its traditional performances, Is it not much 
more probable that time developed and demonstrated its 
weakness, and that the later, rather than the earlier, observa- 
tions are the more reliable? There is every reason to believe 
this supposition to be correct. It cannot be said of the inven- 
tion that it was so much in advance of the art that it had to wait 
until the public were educated before it could be appreciated or 
understood. It was at the outset given a fictitious value, as 
possessing qualities now sought to be established, but which 
fifteen years of trial failed to develop or make known. 

It is difficult, nay impossible, to conceive how an instrument 
operating as described could impress upon the current the 
minor vibrations incident to and productive of quality. That 
it might to a certain extent mark the succession of larger 
vibrations is obvious, but the separation of the electrodes 
would seem to prevent further influence until they again came 
into contact. ‘lhe transmitter was, in fact, a rheotome or 
circuit breaker, whose vibrations were occasioned by and varied 
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with those of the sound waves, instead of being confined to a 
fixed and predetermined series, as in other rheotomes. In this 
way some, but not all, of the constituent parts of the sounds 
were impressed upon and transmitted by the current. 

Another source of interference was the receiver. Even had 
the current transmitted been properly impressed, this instru- 
ment was unfitted for manifesting the changes. 

Other articles referring to the Reis instrument, which appeared 
from time to time, confirm the conclusions arrived at, and con- 
clusively disprove the proposition sought to be established, that 
the instruments either transmitted or reproduced sound vibra- 
tions. 


ORIGINALITY OF THE INVENTION OF THE ELECTRIC SPEAKING 
TELEPHONE. 


James Watt said that the maker of a great invention must 
pass through three stages in the estimation of the great mass of 
the public: first, it would be said it was impossible; next, it 
would be said that he had not done it; finally, it would be as- 
serted that it had long been known. It may beadded that when 
an inventor has reached this last stage of attack he may be cer- 
tain that both the novelty and the value of his work has become 
assured. To this habit Mr. Bell is no exception. 

In the modest account of his invention which Mr. Bell gave 
in his lecture before the Society of Telegraph Engineers, in 
London, in 1877, and which we have reproduced in the second 
chapter of our work, he has not indicated the various succes- 
sive steps which led to this invention. No claim of priority 
having at that time been put forth—except that of Prof. Dolbear 
of having suggested the idea of maintaining the cores in the 
telephone in a permanently magnetic or polarized state by the 
inductive influence of a permanent magnet instead of by a vol- 
taic current, which Mr. Bell alludes to as an example of the 
independent discoveries which naturally followed the investiga- 
tion of the subject after the first published accounts of the oper- 
ation of the telephone— he did not think it necessary to enter 
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into these details, and his extremely reserved character did not 
prompt him to do so; but when a horde of pretenders arose to 
put forth their claims to this discovery, and a score of lawsuits 
occurred on this account, these details were no longer useless, 
and it became necessary not only to furnish them, but to fully 
investigate the subject in all its bearings and in all directions. 
As the result of these investigations, which have been made 
during the trial of these various suits, as well as in the contro- 
versies carried on in the Patent Office, a great mass of docu- 
mentary evidence, of great value to the history of this invention, 
has been produced, which we believe worthy of reproduction 
here, as showing by what difficult and tortuous roads a great dis- 
covery must pass before arriving at the important results which 
it is destined to realize. 


THE ANNOUNCEMENT OF THE INVENTION OF THE SPEAKING 
TELEPHONE, 


When it was announced that the electric transmission and re- 
production of articulate speech had been accomplished, the nov- 
elty and utility of the invention elicited the wonder and admira- 
tion of the world. It first engaged the attention of the scientists, 
by whom it was unqualifiedly accepted as a novelty and a wonder. 
There was no suggestion or intimation that it was a mere im- 
provement ; that it permitted a conversation to be carried on at 
a greater distance with greater facility or better than something 
else. It was accepted at the outset as the unrivalled discovery of 
a new art. 

Having passed the crucial test of scientific investigation, it 
rapidly acquired a commercial standing by reason of its great 
utility. It did not supplant other devices of a similar nature, but 
took possession of a field theretofore unoccupied. 

It is an historical fact that the introduction of valuable and 
important inventions is productive of a host of rival claimants ; 
and so the steady growth and assured success of the articulating 
telephone as a commercial venture had the usual effect of de- 
veloping, reviving, and resurrecting all mannerof inventions and 
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contrivances, both near and remote, upon which the shadow of 
a claim to priority could possibly be based. Stimulated by vis- 
ions of glory and profit, all manner of incomplete, dormant, un- 
successful, and abandoned inventions and devices have been 
brought to light, polished, and made to resemble as much as 
possible the real article, in order that their projectors might 
obtain the profits. 

The electrical transmission and reproduction of sounds pos- 
sessing quality was unknown to the public prior to the year 
1876. 'It had never been asserted, explained or demonstrated, 
and the means and method were alike undetermined. It is true 
there were those who undertook to predict its ultimate accom- 
plishment, to advance theories, construct apparatus, and make 
experiments with that object in view ; but it is equally true that 
in every such instance their efforts resulted in complete and en- 
tire failure until Alexander Graham Bell, on the 8th of Mar, 
1876, and again on the twenty-fifth of June, 1876, for the first 
time in the history of the art, publicly explained a method and 
exhibited an apparatus, not only designed and constructed for 
reproducing, but practically operating to reproduce, at a distance, 
through the agency of the electric current, sound waves whose 
form and characteristics were sensibly the equivalents of those 
transmitted. From that time the success of the articulating tele- 
phone became an established fact, and from the circumstance 
that Bell was the first to explain and demonstrate its operation, 
he was publicly accredited with its discovery and invention. 

The disclosures thus made, together with the stimulus given 
by the approval and adoption of the invention by the publi, 
afforded an opportunity and inducement for the revival of anti- 
quated ideas and experiments which in themselves possessed no 
advantage in point of utility over the inventions of Bourseul 
and Reis, and would possibly have resulted the same ; but being 
further prosecuted and conducted in accordance with the pnn- 
ciples thus announced, were readily made to develop those prop- 
erties essential to the transmission of articulate speech, the ex- 
istence of which was before unknown. 
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But the knowledge thus obtained and applied constituted the 
gist of the invention. It was the key to the mystery which had 
baffled prior investigators. When once discovered and placed 
in the hands of intelligent and experienced inventors, its appli- 
cation in a variety of forms was not difficult so long as the prin- 
ciple was preserved. These persons, totally oblivious to the in- 
sidious influences produced by the knowledge of a practical 
method and apparatus, undoubtedly imagined they were inde- 
pendently pursuing and developing their original ideas. The 
absence of success before, and its immediate accomplishment 
after, the introduction of the Bell telephone is a circumstance 
worthy of notice. Like persons to whom a problem is sub- 
mitted, but before it is fully comprehended the solution is ex- 
plained, they are loath to admit that they might not have pro- 
ceeded in the right direction and have produced the correct 
result. It is almost impossible to ascertain the effect produced 
upon mental processes by such information. The merits and 
demerits of an instrument are determined by its results, and are 
the best evidences of intelligent design and purpose. 

Prior to 1876, the instruments tested were not thought capable 
of and never did transmit and reproduce sounds possessing 
quality—an essential component of articulate speech. Since then, 
the same, or what are alleged to be similar devices, have been 
made to accomplish that operation. If the capacity was inherent, 
but dormant, some one must have discovered it; if the device 
was altered, or its mode of operation changed, some one invented 
or discovered the change. In either case, an invention was 
made, for new and useful results were produced. [It is this dis- 
covery or invention which rendered possible and practicable the 
electrical transmission and reproduction of sounds in their en- 
tirety that forms the most important element of this inquiry. 


MR. BELL'S FIRST CONCEPTION OF THE SPEAKING TELEPHONE. 


As a result of the legal investigations and the proofs which 
have been produced, it appears that, from 1874, Mr. Bell de- 
voted himself to the solution of the problem of the electrical 
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transmission and reproduction of articulate speech, his first 
researches to this end going as far back, in fact, as July, 1874. 
But it was not till October of that year that his ideas may be said 
to have taken a definite form. After having studied the beautiful 
works of Mr. Helmholtz upon the combinations of sounds, he 
thought that if two electro magnets placed at the two ends of a 
circuit had for an armature a series of iron reeds of different 
lengths and placed in exactly the same conditions at the two 
stations, the sound of the voice would be able to impress such 
of these reeds as harmonized with their fundamental sound, and 
that the result of the vibration of these reeds at the transmitting 
station would be the creation of induction currents capable of 
reproducing parallel vibrations upon the reeds of corresponding 
length at the receiving station. In October, 1874, he commu- 


Fig. 305. 


nicated a part of his ideas to Dr. Clarence J. Blake, of Boston, 
and described and illustrated by drawings made on the spot an 
apparatus in which one metal reed was substituted for the 
several reeds in the apparatus described above, this one reed 
being actuated by a membrane to which it was to be attached, 
and the membrane was to be set in motion by the human voice. 
Mr. Bell suggested that if the simple pendulous vibrations of a 
metal reed could be communicated to a second reed electrically 
connected with the first, then the more complicated vibrations 
of the human voice communicated to the metal reed, through the 
medium of the air, could also be electrically transmitted. To 
accomplish this purpose, he thought it advisable to attach the 
metal reed to a membrane which would reproduce the aerial 
vibrations produced by the human voice. Fig. 305 represents 
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this apparatus, which is the same as that shown in fig. 7 of 
Bell’s patent of March 7, 1876. He did not construct the 
apparatus at that time, because he was not sure that the cur- 
rents generated by that method would be strong enough to be 
of practical utility; and, fearing that they would not be, he 
conceived that a proper way to obtain the desired effects would 
be to use the constant power of a strong battery, and utilize the 
vibrations given to the transmitter by the voice to vary the 
resistance of the circuit through which the current from the 
battery passed. With reference to this plan, he wrote Gardiner 
G. Hubbard, May 4, 1875, that if this turns out to be the case, 
the oscillations of the current should correspond in amplitude, 
as well as in the rate of movement, to the vibrations given to 
the transmitter by the voice, one consequence of which would 
be that the timbre of a sound could be transmitted. The plan 
for transmitting timbre—which, of course, means the transmis- 
sion of speech—by causing permanent magnets to vibrate in 
front of electro magnets, being, in his estimation, chiefly defective 
on account of the feebleness of the induced currents; and if the 
other plan were successful, the strength of the current could be 
increased ad libitum without destroying the relative intensities 
of the vibrations. 

In the last of February, or early part of March, 1875, Mr. Bell 
had an interview with Prof. Henry, which is described in a letter 
which he wrote to his father and mother, dated March 18, 1875. 
He described to Prof. Henry certain experiments in the pro- 
duction of sound by electricity which excited Prof. Henry’s 
interest, and induced him to ask Mr. Bell to repeat them in his 
presence, and appointed noon of the next day for the experi- 
ment. Mr. Bell set the instrument working, and Prof. Henry 
sat at a table for a long time with the empty coil of wire against 
his ear, listening to the sound. Feeling so much encouraged by 
the interest manifested by the great scientist, Mr. Bell deter- 
mined to ask his advice about the apparatus he had designed 
for the electric transmission of the human voice, and, after 
explaining the idea, asked what he would advise him to do— 


420 THE SPEAKING TELBPHONE. 


publish it and let others work it out, or attempt to solve the 
problem himself? Prof. Henry said he thought it was the germ 
of a great invention, and advised him to work at it himsel! 
instead of publishing. Mr. Bell said that he recognized the fact 
that there were mechanical difficulties in the way that rendered 
the plan impracticable at the present time, and added that he 
felt that he had not the electrical knowledge necessary to over- 
come the difficulties. Prof. Henry’s laconic answer was, ‘Get it.” 

In a letter to his parents dated May 24, 1875, Mr. Bell says 
that every moment of his time is devoted to study of elec- 
tricity and to experiments; that the subject broadens, and he 
thinks that the transmission of the human voice is much more 
nearly at hand then he had supposed. He modestly adds that 
his inexperience in such matters is a great drawback, but that 
Morse conquered his electrical difficulties, though he was 
only a painter; and he does not intend to give in till all is 
completed. 

Before this time Bell satisfied himself that the true and onlv 
method for the electrical transmission of vocal sounds involved 
as its fundamental element an apparatus which should transmit 
amplitude or intensity as well as pitch—for quality or timbre 
or articulation were ultimately resolvable into these two charac- 
teristics of vibration—and therefore that the electrical transmis- 
sion of speech depended upon producing upon the line wire 
electrical undulations or variations which should correspond in 
form to the aerial vibrations which constituted the sound to he 
transmitted ; and he perceived that a circuit breaking apparatus 
(such, for example, as the Reis transmitter) was necessarily 
totally inadequate to do this, because it merely tended to inter- 
mit the current, and not to control 1t—to govern its changes as 
to frequency, but not as to intensity orform or character. Bell 
was aiming to perfect an apparatus which should carry out his 
method in two ways: one by varying the electro motive force in 
a circuit of constant resistance, and the other by varying the re- 
sistance in a circuit supplied with a constant electro motive force. 
He intended to do both of these by means of the vibrational 
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movement taken up by stretched membranes or elastic metals 
when spoken to. 

In the description given to Dr. Clarence J. Blake, in October, 
1874, Bell had described a working apparatus intended to pro- 
duce these electrical undulations when spoken to, by varying 
the electro motive force. His only doubt about this apparatus 
was purely electrical and practical, viz, whether currents gen- 
erated by such slight movements of a thin armature would be 
sufficiently strong to produce audible effects at the receiving 
station. On June 2, 1875, in the course of some experiments, 
he discovered that slight movements of a thin armature would 
produce currents of available strength. This at once removed 
the last supposed difficulty from his mind, and the electrical 
speaking telephone became to him a completed discovery and a 
fixed fact. Heannounced this in a letter to Mr. Hubbard writ- 
ten the same day, in which he used the following language: “I 
have succeeded to-day in transmitting signals without any battery 
whatever! The musical note produced at the receiving end was 
sensibly the equivalent of that at the transmitting end in loud- 
ness as well as pitch.” 

This discovery was the result of accident rather than design. 
Mr. Bell was engaged at the time in conducting experiments re- 
lating to his harmonic telegraph, in which he was assisted by 
Thos. A. Watson. A series of interrupters or circuit breakers, 
with separate keys for connecting them with the main line at 
one station, and a series of harmonic receivers, were stationed at 
two points on the line. Each receiver consisted of a horseshoe 
electro magnet, with a reed (corresponding in pitch to one of the 
interrupters) fastened to one leg and a coil of insulated wire 
surrounding the other. It was the design that one of the re- 
ceivers at each station should respond when the interrupter, 
whose rate of vibration corresponded to that of the reed, should 
be connected by depressing its key. In testing the apparatus, 
one of the reeds at Watson’s station failing to respond, he was 
directed to pluck it, as that means was sometimes adopted for 
starting a reed when it had become attached to the pole of the 
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magnet. He did so, and Bell observed that the corresponding 
reed at his station was thrown into vibration, though he had not 
depressed the key of the transmitter. He was ata loss to under- 
stand where the current came from to operate the reed; and 
to make sure that it was not derived from the transmitters, he - 
cut them out entirely and connected the two receivers upon a 
circuit without a battery. He then proceeded to test the re- 
ceivers and discovered that, when a reed was plucked at one 
station, by placing his ear against any one of the reeds at the 
other station he could distinguish the tone, and comprehended at 
once that the timbre of the plucked reed was reproduced. The 
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Fig. 306. 


experiment was repeated with a single receiver at each end, the 
result being more marked, and still more so when the reeds were 
in unison. By placing a battery in circuit, better results seemed 
to be obtained. 

These experiments led him to believe that the reeds and 
cores of the electro magnets had been rendered slightly magnetic 
by the passage of the battery currents, and that the plucking of 
a reed induced a magneto electric current in the helices in line, 
which manifested itself by influencing the reeds of the receivers. 

He had by accident made a discovery which demonstrated, 
as he thought, the incorrectness of his conclusions as to the 
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efficiency of a magneto electric current, generated by the vibra- 
tions of an armature, to produce practical results, and his hypo- 
thetical instrument of 1874 at once occurred tohim. He became 
as sanguine as he had before been doubtful, and expressed the 
belief that by this discovery he had solved the problem of the 
transmission of speech by electricity. Wishing to avail himself of 
this discovery, which removed the only difficulty he had fore- 
seen, he at once began preparations for testing his theoretical 
instruments of 1874. Accordingly Watson was instructed on 
the 2d of June, 1875, to make the first instrument, which was 
completed on or before the 5th. Fig. 306 represents a plan and 
807 a sectional view of this instrument. 


Fig. 307. 


The membrane, M, of gold beater’s skin, is attached to a ring 
and stretched over the end of a short wooden tube, T, three or 
three and a half inches in diameter, by means of three screws, S, 
passing through lugs on the ring. The electro magnet is sup- 
ported on an adjustable cross piece, B, above the membrane. 
The uncovered leg of the electro magnet, H, is hinged to a 
steel reed, A E, the free end being attached to the centre of the 
membrane diaphragm a little beyond the covered pole of the 
electro magnet. 
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It was Bell’s intention that Watson should have used a light 
armature and hinge it differently; and in the course of a day 
or two the armature and uncovered leg of the electro magnet 
were removed and others substituted, wherein the end of the 
leg was filed to an edge and a thinner steel reed was hinged toit 
by means of a strip of leather. Although a duplicate was to 
have been constructed as a receiver, Bell was so anxious to try 
the instrument that he could not wait, and so immediately at- 
tempted to use it with one of his harmonic receivers. The first 
test was with a battery, which at once tore the membrane, butat 
a subsequent trial the results obtained were such that Bell was 
encouraged by them to reconstruct the instrument with a lighter 
armature, the heavier armature being so strongly attracted by 
the electro magnet as to be frequently torn from the membrane ; 
hence he thought a lighter armature would not only be less at- 
tracted, but would be more easily moved by the membrane, and 
would not be so liable to become detached. 

On July 1, 1875, Bell wrote Hubbard that the experiment to 
which he alluded when he saw him last promised to be a grand 
success, On singing in front of a stretched membrane attached 
to the armature of an electro magnet, the varying pitch of the 
voice was plainly perceptible at the other end of the line, no bat 
tery or permanent magnet being employed ; and that when the 
vibrations are received upon another stretched membrane in 
place of a steel spring, it is probable that the “timbre” of the 
sound will be perceived. 

For the purpose of carrying into execution the design of a 
membrane receiver, expressed in this letter, he, on the same day 
—July 1, 1875—instructed Watson to make a second membrane 
telephone, and it was completed a day or two later. Fig. 308 
represents a plan, and fig. 809 a sectional view of this second 
instrument, which is substantially the same as the first instru- 
ment. During all of his experiments in June and July, 1875, 
Bell used gold beater’s skin in single or double thickness for the 
diaphragm, 

At the trial of these two instruments they were connected on 
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the same line upon which the first membrane transmitter and 
harmonic receiver had been used. Bell was at one end, Watson 
at the other. Whether a battery was used or not does not ap- 
pear, but presumably one was used, for both had electro mag- 
nets, and, unless charged in some way, could not have been 
expected .to work unless residual magnetism was relied upon. 
They alternately spoke and listened. Bell does not remember 
with any great distinctness the details of the experiment, but 
has a distinct recollection that during the course of the experi- 
ments Mr. Watson rushed up to the room at the top of the 
building where he was, and informed him that he could 
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distinctly hear him speaking, although he could not quite 
make out what was said. He had satisfied himself that the 
sounds he heard had been produced by the membrane telephone 
to which he had been listening; but all that Watson remembers 
of this trial is, that the results were a slight improvement on 
what they had previously obtained, which were faint sounds. 

So far as the actual transmission of speech was concerned, the 
results he then obtained were trivial. But they were significant. 

For the first time, so far as was known, the voice of the 
speaker, by means of the true kind of a current, had produced 
a sound, and the experiments demonstrated the practicability of 
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transmitting articulate speech by instruments having the same 
mode of operation and principle as these stretched membrane 
instruments; it was only necessary to make further experiments 
to ascertain the best arrangements of the parts. 

The discovery of America and the consequences which have 
followed from it, cannot be more surely traced to the voyage of 
Columbus than the speaking telephone can be to what Mr. Bell 
had thought out and done that summer and during the preceding 
year. If he had instantly published a description of the instru- 
ments he had made, and the way in which he intended them to 
operate, the world would have had the speaking telephone. 


Fig. 309. 


If Philip Reis had published an account of these instruments 
and the way they were intended to work, instead of what he did 
publish, the world would have had the speaking telephone fifteen 
years earlier than it did, for the description in Bell’s patent of 
March 7, 1876, of the instruments which he had then made, could 
not have been put into the hands of skilled workmen without 
producing telephones which would have “ talked, and in the way 
pointed out.” 

It is now known why he did not obtain better results. All the 
important parts of these instruments remain, and the apparatus 
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has been reconstructed in exact accordance with them. This is 
not a case where, as with the circuit breaker and the microphone, 
a slight change can alter the whole character of the instrument. 
The reconstructions cannot differ, unless in mere workmanship. 
In 1879 the reconstructed instruments were taken by a number 
of witnesses to the precise place in the workshop where Mr. 
Bell tried the originals in 1875, and no words could be made 
out. They were immediately taken to a quiet place and con- 
versation was carried on. In the Drawbaugh case two sets of 
them were made, and newspaper paragraphs were read through 
them in the presence of the defendants’ counsel and expert 
witnesses. 

On the 14th of August, 1875, Mr. Bell wrote a letter showing 
that he believed that he had made an invention involving a 
great principle, and although he had not developed it to the 
point needed for commercial use—or, as he expressed it, use on 
“actual telegraph lines’—he thought he had gone far enough to 
patent it. The invention consisted in the creation and employ- 
ment of electrical undulations similar in form to sound waves, 
and he insisted that whatever sounds could be transmitted by 
the air, including “spoken utterances,” could be transmitted by 
these undulations, and he believed that his apparatus was suffi- 
cient to accomplish it. In September, 1875, while in Canada, he 
had a talk with his father, of which the latter made the follow- 
ing note: “Sunday, September 12, 1875. Telephone talk; 
wonderful!” His invention of the speaking telephone is one 
in which the purely intellectual part, the conception of a new 
principle and mode of operation, of a new relation of means 
to an end, was the great step. With the conception once fully 
formed and believed in as the solution of the problem, the con- 
struction became easy, and sank into insignificance as a part of 
the work of invention. It reduced the problem of the commer- 
cial transmission of speech to a mere question of mechanical im- 
provement, and it declared the precise direction and limitations 
under which all these improvements must be made. It brought 
the problem from the domain of the originator to the domain 
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of a mere improver. It is worth noting, also, that the improver, 
who very speedily carried this art and the instruments for prac- 
ticing it up to the point of their successful commercial use, was 
the originator, Mr. Bell himself. 


INTRODUCTION OF THE SPEAKING TELEPHONE TO PUBLIC 
NOTICE AND USE, AND ITS RECEPTION. 


On May 10, 1876, a description by Mr. Bell of his researches 
in telephony was read before the American Academy of Arts 
and Sciences, at Boston. This paper was published soon after- 


ward, and contained a description of his electrical speaking tele- 
phone, as shown in fig. 7 of his patent of March 7, 1876, and 
described the transmission of speech by it. It also contained a 
description of an electrical speaking telephone made upon the 
plan of varying the resistance of an electrical circuit supplied 
with a constant electro motive force from a battery ; the particu- 
lar form indicated was that known as the liquid transmitter, re- 
ferred to in the patent, and described as follows: A platinum 
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wire, attached to a stretched membrane, completed a voltaic cir- 
cuit by dipping into water. Upon speaking to the membrane, 
articulate sounds proceeded from the telephone in the dis- 
tant room. The sounds produced by the telephone became 
louder when dilute sulphuric acid or a saturated solution of salt 
was substituted for the water. Audible effects were also pro- 
duced by the vibration of plumbago in mercury, in a solution of 
bichromate of potash, in salt and water, in dilute sulphuric acid, 
and in pure water. 

Fig. 310 represents this liquid transmitter, which consists of 
a membrane diaphragm, D, arranged horizontally and carrying 


a wire, R, which is dipped into a liquid held in a cup, C, located 
beneath it. 


EXHIBITION AND USE AT THE CENTENNIAL, JUNE, 1876. 


Two sets of Mr. Bell’s speaking telephones were made by Mr. 
Watson for exhibition at the Centennial Exhibition in Philadel- 
phia, and were exhibited there in June, 1876, before the judges 
of the group and many other persons. They consisted of a 
magneto transmitter and receiver and of a liquid transmitter. 

Fig. 311 shows a sectional view of the single pole centennial 
membrane telephone, which consists of a single pole electro 
magnet, H, with a gold beater’s skin diaphragm, D, with a means 
for regulating the tension by a screw seen at the top, and a clock 
spring armature, A, glued to the diaphragm. 


430 THE SPEAKING TELEPHONE. 


Fig, 312 represents Bell’s double pole centennial membrane 
telephone, which is substantially the same as fig. 811, a double 
pole being substituted for the single pole electro magnet. 

Fig. 318 is a sectional view of the centennial iron box magnet 
receiving telephone, which consists of a single pole electro mag- 
net, H, situated within a tubular iron casing, E, upon the top of 


which rested a soft iron diaphragm, D. The electro magnets in 
all of the above were adjustable toward and from the armatures. 

Bell’s centennial liquid transmitter was the same instrument 
shown in fig. 310. 


Fig. 313. 


On the 25th of June, 1876, all of these instruments, with the 
exception of the liquid transmitter, were successfully operated 
at the Centennial Exhibition, and were exhibited, explained to 
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and tested by the judges on that and the following days) Two 
reports were made upon Mr. Bell’s invention. One, by Prof. 
Joseph Henry, describes the apparatus and the transmission of 
speech by it as follows: 

“The telephone of Mr. Bell aims at a still more remarkable 
result—that of transmitting audible speech through long tele- 
graphic lines. In the improved instrument the result is pro- 
duced with striking effect, without the employment of an elec- 
trical current other than that produced by the mechanical action 
of the impulse of the breath as it issues from the lungs in pro- 
ducing articulate sounds. To understand this wonderful result, 
suppose a plate of sheet iron, about five inches square, sus- 
pended vertically before the mouth of the speaker so as to vibrate 
freely by the motion of the air due to the speech, and suppose 
also another iron plate, of the like dimensions, similarly sus- 
pended before the ear of the hearer of the sound, and between 
these, but not in contact with them, is stretched the long tele- 
graphic wire. Each end of this wire is attached to two coils of 
insulated wire surrounding a core of soft iron, the ends of which 
are placed near the middle of the plate, but not in contact with 
it, These four cores are kept in a magnetic condition by being 
attached at each end of the line to the two poles of a perma- 
nent magnet. Now it is evident that in this arrangement any 
disturbance of the magnetism of one of the permanent magnets, 
increasing or diminishing it, will induce electrical currents, 
which, traversing the long wire, will produce a similar disturb- 
ance of the magnetism of the arrangement at the other end of 
the wire. Such a disturbance will be produced by the vibra- 
tion of the plate of soft iron due to the words of the speaker, 
and the current thus produced, changing the magnetism of the 
soft iron cores, will by reaction produce corresponding vibrations 
in the iron plate suspended before the ear of the hearer. The 
vibrations of the second plate, being similar to those of the first, 
will produce the same sounds. Audible speech has, in this way, 
been transmitted to a distance of three hundred miles, perfectly 
intelligible to those who have become accustomed to the pecu- 
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liarities of certain of the sounds, All parts of a tune are trans- 
mitted with great distinctness and with magical effect. 

“ This telephone was exhibited in operation at the Centennial 
Exhibition, and was considered by the judges the greatest mar- 
vel hitherto achieved by the telegraph. The invention is yet in 
its infancy, and is susceptible of great improvements.” 

The other report was made by Sir William Thomson, and is 
reproduced on page 92. 

After the successful use of his instruments on June 25, 1876, 
Bell proceeded at once to develop and improve them; the ex- 
periments were carefully noted down, beginning June 80, and 
concluding November 12, 1876. The memorandum of June 30, 
1876, illustrates two instruments in circuit with a battery; one 
of them is referred to as an ordinary telephone, and resembles 
fig. 312, while the other consists of an electro magnet with a flat 
disk or diaphragm of very thin sheet iron. This is the first use 
of a metallic diaphragm clamped at the edges. The instrument 
was made by Watson, who used it as a transmitter about the 
Ist of July, 1876. 

On the 2d of July, 1876, Bell writes Hubbard about an ex- 
periment he is making preparatory to the transmission of sounds 
between Boston and Philadelphia. Electro magnets of high 
resistance had been constructed for the purpose, and he mentions 
having discovered that the apparatus could be worked with one 
cell of battery, and says he is sure that by substituting a per- 
manent magnet for the pole of the electro magnet, he could work 
it without a battery at all. This was in accordance with his 
original ideas of 1874, which embraced, as applied to the trans- 
mission of speech, the membrane diaphragm, hinged armature 
and electro magnet. 

An experiment made on July 8, 1876, seems to have had 
reference to resistance; the receiver was like fig. 818. On the 
6th and 7th of July the experiment was continued, sounds being 
repeated when the resistance was increased or the battery re- 
duced or disconnected. July 11 the transmitter was improved 
by increasing the size of the armature; instead of a strip of iron, 
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a disk almost as large as the membrane diaphragm was attached 
thereto, and greatly improved articulation was the result. A 
battery was employed. 

Heretofore electro magnets alone had been actually employed 
in.the instrument, although the suggestion is contained in the 
letter of July 2 as to the possibility of dispensing with a battery 
and employing permanent magnets instead. It was during the 
month of July, 1876, that the first apparatus was constructed 
having a single permanent magnet and a single induction plate. 
It was used without a battery, and at one end of the line only. 

In August, 1876, an iron diaphragm with a case or mouth- 
piece was first used. On the 7th of October, 1876, the experi- 
ment of July 11, which had shown such good results, was 
repeated ; a large disk of thin steel was substituted for the smaller 
one, the articulation being the most distinct yet attained. From 
the sketches and notes it is inferred that it was customary to 
have one of the instruments with a membrane and the other 
similar to fig. 813, a metallic diaphragm, and with battery in 
circuit. Electro magnets were employed, with the exception of 
the experiment of July, with the permanent magnet at one end 
of the line. Having found that by increasing the size of the 
armature attached to the membrane of the transmitter, articula- 
tion was rendered more distinct, Bell concluded to try dispensing 
with the membrane altogether, and to that end he fastened by its 
lower edge a disk of thin steel in front of an electro magnet, 
using the old form of receiver like fig. 318, it is presumed, as no 
other is mentioned. A battery was employed, and improved 
articulation was the result. It was during this period also that 
the results of experiments with the October 7 instrument were 
noted. 

On the 19th or 20th of October the next, and so late as the 
12th of November the preferred form of instrument was con- 
structed. The electro magnet was mounted within a box, on 
one end of which a sheet of thin steel was fastened by screws, 
forming the armature or diaphragm. A hole was formed in the 
top of the box for the purpose of speaking into it. Two such 
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instruments were employed in a circuit with a battery. It is 
noted that when speaking into the hole the sounds reproduced 
were loud, but indistinct, and that they were rendered more dis- 
tinct by speaking directly against the plate or diaphragm, and 
by condensing the air against the plate by means of the hand its 
utterance was perfectly distinct and quite as loud as when the 
hole was spoken into. An experiment took place November 
10, 1876, with instruments like those last described, on a line 
between Boston and Cambridge. The articulation was perfectly 
distinct, and even a whisper was intelligible, although the resist- 
ance on the line was equal to fifteen or sixteen miles. The bat- 
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Fig. 314. 


tery was then cut out, and the tones of Mr. Watson's voice, 
singing one of Moody and Sankey’s hymns, could be distinctly 
heard without any battery at all. Bell now became convinced 
of the practicability of using permanent magnets on a real line 
of considerable resistance without a battery. 

The box telephones constructed in October, 1876, form the 
basis of figures 2 and 3 of Bell's patent of January 30, 1877. 
Fig. 814 is a vertical section of this instrument. A is a plate 
of iron or steel, which is fastened to the cover or sounding box, 
D. F isa bar of soft iron. G is a coil of insulated copper wire, 
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placed around the extremity of the end, H, of the bar, F. Iis 
an adjusting screw, whereby the distance of the end, H, from the 
plate, A, may be regulated. The hole in the top, being found 
disadvantageous, is closed, and instead of condensing the air 
under the hand, a speaking tube or mouth piece, E, communi- 
cates with an air space in front of the diaphragm. It was not 
until about the latter part of November or the first of December, 
1876, that the battery was discarded entirely and permanent 
magnets employed. 

Fig. 315 represents fig. 4 of Bell’s patent of January 30, 1877, 
and is thus described: “ Whatever sound is made in the neigh- 
borhood of any telephone is echoed in fac simile by the 
telephones of all the other stations upon the circuit; hence this 
plan is also adapted for the use of the transmitting intelligibly the 


Fig. 315. 


exact sounds of articulate speech. To convey an articulate mes- 
sage it is only necessary for an operator to speak in the 
neighborhood of his telephone, preferably through the tube, E, 
and for another operator at a distant station upon the same 
circuit to listen to the telephone at that station. If two persons 
speak simultaneously in the neighborhood of the same or differ- 
ent telephones, the utterances of the two spcakers are reproduced 
simultaneously by all the other telephones on the same circuit; 
hence, by this plan a number of vocal messages may be 
transmitted simultaneously on the same circuit in either or both 
directions. All the effects noted above may be produced by 
the same instruments without a battery by rendering the central 
bar permanently magnetic.” Another form of telephone, for 
use without a battery, is shown in fig. 316 (fig. 5 of the patent), 
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in which to the poles of a compound permanent magnet are 
affixed pole pieces of soft iron, G Q, surrounded by helices of 
insulated wire. 

Fig. 317 (fig. 6 of the patent) illustrates the arrangement upon 
circuits of similar instruments to that shown above: “In lieu 
of the plate, A, iron or steel reeds of definite pitch may be 


Fig. 316. 


placed in front of the electro magnet, O, and, in connection with 
a series of such instruments of different pitches, an arrange- 
ment upon circuit may be employed similar to that shown in 
my patent No. 174,465, and illustrated in fig. 6 of sheet 2 in 


the patent, The battery, of course, may be omitted.” 


Fig. 818 represents Mr. Bell lecturing on his electric speaking 
telephone, at Salem, on the 12th of February, 1877, and fig. 819 

. represents the group in the inventor's study, in Exeter place, 
Boston, receiving his communications during the course of the 
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BELL'S SALEM LECTURE. 
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lecture. The apparatus, an exterior view of which is given in 
fig. 320, was all contained in an oblong hox about 7 inches 
high and wide, and 12 inches long. This is all there was visi- 
ble of the instrument, which during the lecture was placed on 
a desk at the front of the stage, with its mouth piece toward 
the audience. Not only was the conversation and singing of the 
people at the Boston end distinctly audible in the Salem hall, 
fourteen miles away, but Mr. Bell’s lecture was plainly heard and 
applause sent over the wires by the listeners in Boston. 


PUBLIC AND COMMERCIAL USE OF TELEPHONES WITH 
METALLIC DIAPHRAGMS, 


Mr. Bell’s magnet receiver, used as part of his speaking tele- 
phone apparatus, exhibited and used at the Centennial Exposi- 


tion, had a diaphragm entirely of soft iron. One like it, with a 
soft iron diaphragm, was given by him to Sir William Thom- 
son, and described by that gentleman in his address before the 
British Association in August, 1876. This thin metallic iron 
disk, in combination with the electro magnet, which is shown in 
fig. 59 on page 93, is also described as the receiver used at the 
Centennial in the official report on awards, prepared by Sir 
William Thomson. 

Metallic diaphragms were also employed in the telephones 
used between Boston and Cambridge in October, 1876. 

The diaphragms in all instruments furnished after January 1, 
1877, were composed entirely of soft iron. 
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Mr. Bell and his associates made an arrangement with Charles 
Williams, Jr., of Boston, for the manufacture of his telephones 
with metallic diaphragms for general commercial use some time 
previous to April 1, 1877. An arrangement was made prior to 
April 1, 1877, by which Mr, Williams also obtained the right 
to supply the public with telephones made under Bell’s patents 
for “private lines.” He was to be allowed a commission on all 
he leased. Before April, 1877, a line of wire was built from 
Boston to Somerville, for the purpose of being used with tele- 
phones, and is described in the Boston Advertiser of April 5, 
1877, as follows: “ The first telephone line that was ever estab- 
lished has just been constructed between the office of Mr. 
Charles Williams, electrician, in this city, and his house in 
Somerville, and a conversation can be carried on with perfect 


distinctness. Mr. Bell was in New York on Tuesday evening, 
and conversed readily over the regular wires with parties in this 
city. Ile lectures in Providence this evening on telephones.” 
The telephone used on that occasion was what was called a box 
telephone, consisting essentially of a large permanent magnet, 
with coils of wire on its ends and a diaphragm of soft iron, 
fastened on a wooden block behind a mouth piece, and the whole 
covered with a thin wooden box. It is essentially like fig. 321. 
That drawing, however, shows the instrument with its cover off, 
in order to exhibit its interior. In practice, a wooden cover like 
a box went over the whole interior part, which was screwed on 
to the base, and this is what gave it the name of box telephone. 
As they progressed, the telephones were gradual'y made neater 
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and smaller. The box telephone, shown in fig. 322, was made 
in June, 1877. In this the cores of the coils are prolongations 
of the magnet. They were afterward placed on the side of the 


Fig. 323. 


magnet, and the position of the diaphragm and mouth piece 
changed, so as to occupy the same position in relation to the 
cores as in fig. 822. This much reduced the size of the instru- 
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Fig. 323. 


ment and allowed it to be screwed directly to the wall. The 
change was made about August 1, 1877. The box telephone, 
illustrated in fig. 828, shows this change, 
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Those used at the lectures in the spring of 1877 were sub- 
stantially like this, but were much larger. The first modification 
was to reduce the size of the box and magnet; then to change 
the position of the cores on the magnet; and about the middle 
of May, 1877, they began to make the form of telephone known 
as the hand telephone. 

Fig. 324 was made in the last of May or first of June. In 
this telephone the magnet is a solid single pole steel magnet, 
about four inches long. The core is about a quarter of an inch 
in diameter and half an inch long, formed by reducing the 
diameter of the steel magnet with a coil about three eighths of 


Fig, 324. 


an inch long and one and a quarter in diameter of insulated 
wire. Resistance, sixty-five ohms. The diaphragm is of thin 
soft iron, about two inches in diameter. The whole is mounted 
in a wooden handle, similar in shape to a butter stamp, so that 
it can be easily handled. 

After this form the shape of the hand telephone was modified 
by making it a little larger and of a plainer shape, with a rather 
deeper flare at the mouth piece. This change was made early in 
June, 1877. Fig. 325 shows one of this form. 

About the middle of December, 1877, Bell gave up wood as 
a material for the handles of hand telephones, and adopted hard 
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rubber of substantially the form now in use, which is shown in 
fig. 326. 


About the middle of August, 1877, they changed from single 
bar magnets to compound bar magnets made up of several 


Fig. 325. 


layers of magnetized steel, which was stronger and easier to 
magnetize than the single bar magnet. 


Fig, 326. 


FIRST APPEARANCE OF RIVAL CLAIMANTS TO BELL'S 
INVENTIONS. 


It is a curious fact that no rival claims of priority to the in- 
vention of the electric speaking telephone were made in any 
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quarter until more than a year after the descriptions of the ex- 
periments of Mr. Bell had been published by the journals of 
the entire world, which would seem to show that the authors of 
these claims had not, in the origin of the discovery, attached 
much importance to the invention, and it had been necessary 
for success to crown the work of Mr. Bell in order to incite 
them to undertake it These claims were first put forth in the 
interests of the Western Union and Gold and Stock Telegraph 
Companies. The history of this controversy shows how great 
results sometimes follow insignificant causes. In the summer 
of 1875 Mr. Bel! asked permission of the Western Union Tele- 
graph Company to conduct experiments in the office of their 
electrician at New York. This was granted, but shortly after 
Mr. Bell began his experiments there, Mr. Orton, the president 
of the company, learned that Mr. Gardiner G. Hubbard, who 
was personally obnoxious to him, was pecuniarily interested in 
Mr. Bell’s inventions, and immediately directed that the permis- 
sion to conduct his experiments should be withdrawn. After 
Mr. Bell had brought his invention before the public, and was 
endeavoring to perfect it by experimenting over actual telegraph 
lines, orders were given to exclude him from the Western Union 
wires. In spite of these orders, however, telephone experiments 
were conducted over them, but for a long time the results, while 
regarded with interest, were looked upon as possessing little prac- 
tical value, and it was not until the summer of 1877 that the 
progress of Mr. Bell’s invention was deemed to have arrived at 
such a state of efficiency as to threaten to be a serious competitor 
of the telegraph. At this juncture, August, 1877, Mr. Frank L 
Pope, the electrical expert of the Western Union Telegraph 
Company, saw and talked through a speaking telephone in Bos- 
ton for the first time, and soon after mentioned the fact to Mr. 
Orton, who said: “I have been looking into this matter of the 
telephone somewhat, and regard it as a matter likely to be of 
considerable future importance. If this proves to be the case, 
it is very necessary that we should have the right to use it; 
therefore I wish vou to make a careful and thorough investiga- 
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tion of the whole subject, and ascertain what are the fundamen- 
tal principles of the invention, and what inventions or patents it 
will be desirable or necessary for us to acquire the control of, in 
order to be able to use the invention in connection with our 
business.” Learning about this time that Prof. Dolbear, of 
Tufts College, claimed priority to some portion of the Bell tele- 
phone, Mr. Orton, who was also president of the Gold and Stock 
Company, requested Mr. Prescott, one of the vice-presidents of 
the latter company, to visit Prof. Dolbear and ascertain the 
character and extent of his claims. This visit was made during 
the month of August, 1877, and resulted in an agreement be- 
tween the Gold and Stock Company and Prof. Dolbear, by 
which the company acquired the ownership of and agreed to 
exploit his telephonic inventions. 

About the first of December, 1877, the Gold and Stock Tele- 
graph Company made an arrangement with the Harmonic Tele- 
graph Company, by which Mr. Gray’s inventions in harmonic 
telegraphy, in so far ag they might be found applicable to the 
transmission of articulate speech, were also acquired, and, united 
with those belonging to the Gold and Stock Telegraph Com- 
pany, formed the basis of a new organization called the Ameri- 
can Speaking Telephone Company. This company was to own 
all the patents and profits of the business, but its management 
was to remain with the Gold and Stock Telegraph Company, 
who made active preparations to go extensively into the manu- 
facture of electric speaking telephones. 

The telephones which were first made were exclusively of the 
Bell magneto type, the form being changed from the rubber 
hand telephone, shown in fig. 826, to the oval form, devised by 
Phelps, and shown on page 23, and the two forms devised by Gray, 
which are shown on pages 81 and33. In the early part of the 
summer of 1878, Mr. Edison’s carbon telephone, which the Gold 
and Stock Company had also acquired for the American Speak- 
ing Telephone Company, was perfected and rapidly put into use 
in connection with the various modified forms of Bell’s magneto 
receiver. 
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SUITS BROUGHT AGAINST INFRINGERS OF BELL'S 
PATENTS. 


In the meantime suits were brought under Mr. Bell's patents 
against those who used the telephones of this company, and one 
of them, in the United States Circuit Court at Boston, was 
vigorously pushed for trial. That suit was defended by the 
Gold and Stock Telegraph Company, who employed as counsel 
Mr. George Gifford, Mr. Causten Browne and Mr. W. D. Bald- 
win; and as experts Mr. Edward S. Renwick and Mr. Frank L 
Pope. The answer set up a great variety of defences. Among 
others, the European publications relating to Reis’ invention 
were relied upon, and it was alleged that Bell’s telephone, as 
described in his patent of March 7, 1876, was not capable of 
talking. 

Mr. Edward S. Renwick produced a pair of telephones which 
he said were made in exact accordance with the patent, and 
which he said would not talk. Whereupon the Bell Company 
caused to be constructed twelve pairs, all of which did talk with 
practical success, and all of which exactly conformed to the de- 
scription in the patent; the largest had diaphragms three and 
three eighths inches in diameter; the smallest had them one 
inch in diameter, which is the exact size of fig. 7 of the draw- 
ing filed by Mr. Bell in the Patent Office, Washington, February 
14, 1876. 

These were constructed by different persons in different shops; 
two pairs were made by Mr. Georges d'Infréville in his own 
laboratory. They were tried by many independent persons, 
among whom were Prof. Cross, Professor of Physies at the 
Massachusetts Institute of Technology, and his assistant, Mr. J. 
B. Ienck, Jr.; Prof. Clarence J. Blake, Mr. Georges d'Infréville, 
and Mr. Henry B. Renwick. One pair of these were constructed 
of a pair of “ lovers’ telegraph” string telephones, purchased 
in the street, and mounted with magnets. One pair was an 
exact copy of those exhibited by Mr. Edward S. Renwick, except 
that the membranes were stretched in the proper and usual 
Wav. 
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NOVELTY OF BELL'S INVENTIONS PROVED BY INFRINGERS’ 
EXPERTS. 


Regarding the novelty of Mr. Bell’s invention, the Bell Com- 
pany brought out the following acknowledgments, on cross ex- 
amination, from the Gold and Stock Company’s experts: Mr. 
Edward S. Renwick testified that the first knowledge he hac of 
the speaking telephone was through printed descriptions in 1877, 
and that his impression was that they spoke of the telephone as 
a new invention, and attributed it to Prof. Bell. 

Mr. Frank L Pope testified that in the summer of 1877 he 
saw used in Boston a pair of telephones which were identified 
as Bell telephones; that he had never before heard articulate 
speech transmitted over a telegraph wire by means of electricity ; 
that he first learned by actual observation and study the inte- 
rior construction of a speaking telephone about the first of Au- 
gust, 1877, and that the telephone he then examined was marked 
and stamped as made under the Bell patents. 

Mr. Elisha Gray testified that he listened at the receiver of 
Mr. Bell’s telephone when it was exhibited to the judges at the 
Centennial, June 25, 1876, and heard words, and that it was the 
first time he had ever listened at a speaking telephone appara- 
tus for the purpose of hearing what it would do. 

After avery vigorous defence had been made by the Gold 
and Stock Telegraph Company, and testimony at great length 
and great expense had been taken in support of the answer, and 
the testimony was substantially closed on both sides, Mr. Gif- 
ford became convinced that Bell was the first inventor of the 
telephone, and that his patent had been infringed by the use of 
telephones in which carbon transmitters and microphones were 
elements, and that none of the defences which had been set up 
could prevail against him, and advised the company to that 
effect, and suggested that the best policy for them was to make 
some settlement with the Bell Company. 

For the purpose of effecting such a settlement, the position of 
the Gold and Stock Company was very strong. They con- 
trolled, through the Western Union Telegraph Company, the 


448 THE SPEAKING TELEPHONE. 


celebrated Page patent, which covered the “ induction coil” used 
in the transmitters of the telephone, and was of great importance 
to them, and which the Bell Company were using. 


VALIDITY OF BELLS PATENT ACKNOWLEDGED BY INFRINGERS’ 
COUNSEL. 


Under Mr. Gifford's advice a negotiation was opened with the 
Bell Company on the basis of the claims which the Western 
Union Telegraph Company made, that the telephone used by 
the Bell Company was an infringement of the patents and ap- 
plications for patents owned or controlled by the Western 
Union Telegraph Company. Mr. Gifford met Mr. Chauncey 
Smith, counsel for the Bell Telephone Company, by arrange- 
ment, at the White Mountains, where they remained for a week 
in negotiation. Mr. Gifford opened the negotiations by ad- 
mitting that Bell’s patent was valid, and that the Gold and 
Stock Company infringed it, and these questions formed no 
part of any discussion between them, but claimed, on the part 
of the Gold and Stock Company, in view of their patents, that 
all the patents should be pnt together, and that they should 
have one half in the joint property. This claim was refused 
by Mr. Smith, and the negotiations failed at that time. After 
Mr. Gifford’s return, Mr. Prescott, the vice-president of the 
Gold and Stock Telegraph Company, then in charge, had an 
interview with Mr. Causten Browne, who coincided in Mr. 
Gifford’s views, and said that the court would undoubtedly sus- 
tain the Bell patent of March 7, 1876, the fifth claim of which, 
viz.: “The method of, and apparatus for, transmitting vocal or 
other sounds telegraphically, as herein described, by causing 
electrical undulations, similar in form to the vibrations of the 
air accompanying the said vocal or other sounds, substantially 
as set forth,” covered all electric speaking telephones in use. 
Upon the receipt of this advice, negotiations were immediately 
reopened with the Bell Company, and soon resulted in a con- 
tract, in which, instead of the Gold and Stock Company and its 
associates getting one half of the joint property for the inventions 
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which they contributed, and which were essential for the satisfac- 
tory operation of the best telephone system, they got only twenty 
per cent. of the earnings, and agreed to go out of the business 
and never to make use of any telephones, excepting such as they 
should acquire the right to use from the Bell Company and pay 
, them the market price for, the same as other people have to do. 
They transferred to the Bell Company their exchanges for cost 
and sold them their instruments at twenty-five per cent. less 
than cost, and thus ended the first attack on Mr. Bell’s inven- 
tion of the electric speaking telephone. 

Let us now briefly examine the evidence presented by and in 
behalf of the several parties for whom claims to priority have 
been made, or are now being made, together with the decisions 
of the courts in such suits as have been adjudicated. 


THE VOELKER CLAIMS. 


On the 19th of May and the 26th of September, 1879, Wil- 
liam L. Voelker filed applications for improvements in speaking 
telephones, at the expense and in the interest of John H. 
Irwin, an experimenter in and patentee of telephones, in 
whose employ Voelker had been engaged since January, 1878. 
Although familiar alike with the telephone and the experi- 
ments of Voelker for more than a year prior to that time, it was 
not until advised of an interference investigation, involving the 
broad principles of the electric speaking telephone, that he was 
put forward as a competitor, and his claims as the inventor of 
one of the greatest achievements of science published. 

Voelker’s attention was first directed to the subject of the 
electrical transmission of sound by a conversation had with 
Irwin in November or December, 1875, when he visited the 
latter at Morton, Pa, for the purpose of shaving him — for 
Voelker was a barber by profession—and began his first experi- 
ments during the Christmas holidays of 1875 on the transmission 
of light and sound through pneumatic tubes. Nothing new was 
accomplished, however, until his attention was called to the 
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now well known toy called the lovers’ telegraph, consisting of 
two small tin cylinders, over one end of which was stretched a 
piece of sheep skin, and a cord attached to the centre connected 
the two. Voelker says in his preliminary statement that he 
completed his first telephone in March, 1876. In his deposition 
he says: “ I conceived the idea, which is the point of this con- 
troversy, during the month of January, 1876. I carried it into 
practical shape the latter part of February or beginning of March 
of the same year.” Mr. Bell’s patent shows that his completed 
specification was signed Jan. 20, 1876, and filed Feb. 14, 1876. 
If the instrument constructed by Voelker were a speaking 
telephone, the dates he names would not anticipate Mr. Bell. 
It was, however, expressly adjudged by experts who examined 
it for Mr. Voelker at the time, to be not distinguishable from 
the Reis circuit breaker, and Mr. Voelker has so testified in 
terms. 


THE GRAY CLAIMS. 


In 1867, while experimenting upon an improvement in tele- 
graphic relays, Gray made his first observation relating to the elec- 
tric transmission and production of musical sounds. The instru- 
ments then used were an induction coil with a vibrating electro- 
tome, anda polarized relay in the secondary circuit, sounds being 
heard at the relay when the primary circuit was closed. He 
does not appear to have considered the matter further until 
1874, when his attention was again accidentally called to the 
subject. While taking shocks from an induction coil connected 
with the zinc lining of a bath tub, Gray noticed, upon rubbing 
the lining to complete the circuit, fig. 827, that a sound pro- 
ceeded from the hand at the point of contact, apparently of the 
same pitch and quality as that of the electrotome of the induc- 
tion coil; and that by rubbing hard and rapidly he could am- 
plify the sound, and that by changing the rate of vibration of 
the electrotome a corresponding change was effected in the 
pitch. Experiments were continued during February and 
March, when he says he conceived the idea of transmitting 
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musical compositions and sounds of all kinds, including articu- 
late speech, but his energies were apparently directed exclu- 
sively to the transmission of musical tones, no attention being 
given to instruments for the reception, transmission, and repro- 
duction of articulate speech until February, 1876; and, al- 
though he claims to have had some conception of the possibilities 
late in the fall of 1875, he neither disclosed them to others nor 
clothed them in any fixed and positive form until he made the 
sketch for his caveat, February 11, 1876. Whatever may have 
been the inherent capacities of the instruments constructed in 
the interim, they were not designed for nor known to be capa- 
ble of the transmissivun and reproduction of articulate speech, 
nor were his transmitters either intended or adapted for the re- 
ception of sounds, but were designed to create and originate the 
particular sounds to be conveyed. Gray was led to believe that 
the receivers constructed by him in the winter of 1874-5 were 
adapted to reproduce the sounds of the human voice, if they 
could be properly impressed upon and transmitted by the elec- 
tric current, but he was totally unaware of any transmitter 
capable of performing this highly important and essential task, 
and it was not until he had witnessed the successful operation 
of Bell’s telephone at the Centennial that the possibility of 
using his receiver as a transmitter was suggested to his mind, as 
he frankly admits. 

Like Voelker, Gray seems to have been indebted to the so 
called lovers’ telegraph for suggestions as to the construction of 
an instrument for electrically transmitting speech. In December, 
1875, he saw in the streets of Milwaukee a string telephone. 
He does not exactly recollect the date, but places it about Decem- 
ber, 1875. It has been established by the testimony of another 
witness, a dealer in toys in Chicago, that these instruments were 
first made in the United States at that time, and reached Chi- 
cago during the first week in December, 1875. ‘The lovers’ 
telegraph proved to my mind that the movements of a single 
point on the diaphragm corresponded accurately with the move- 
ments of the air produced by any spoken word or sound. I 
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saw that if I could reproduce electrically the same motions that 
were made mechanically at the centre of the diaphragm by 
speaking upon it, such electrical vibrations would be reproduced 
upon a common receiver in the same manner that musical tones 
were; and from the fact that the electrical vibrations were the 
same in respect to rate, amplitude, and form or complexity, as 
the motions made in the air by uttering words or sounds, it fol- 
lowed that the receiving diaphragm would be thrown into me- 
chanical vibration or motion of a corresponding character, and 
consequently reproduce the same word or sound. The fact that 
the longitudinal movement (in water or other fluid of poor con- 
ducting quality) of a wire or some good conductor of electricity, 
with reference to another wire or metal conductor, produced 
variations in the resistance of an electric circuit proportional to 
the amplitude of movement, was old in the art of that time; so 
that the last link of knowledge necessary to solve the problem 
in my mind was furnished in the capabilities of the longitudinal 
vibrations of the string in the before mentioned so called lovers’ 
telegraph.” This knowledge does not seem to have been dis- 
closed to others, nor to have been reduced to form until Febru- 
ary 11, 1876, when the sketch for the caveat, fig. 327, was made. 
This date is therefore the earliest that can be accorded Gray for 
the conception of his first instrument organized designedly for 
the transmission of articulate speech. 

At the time of filing his caveat, February 14, 1876, he was 
unaware of the existence of any apparatus for the telephonic 
transmission of speech, and his affirmance of this fact was made 
with a knowledge of the Reis transmitter. IIe sets forth in said 
caveat that he has “invented a new art of transmitting vocal 
sounds telegraphically.” 

The object of the invention is said to be “to transmit the 
tones of the human voice through a telegraphic circuit and re- 
produce them at the receiving end of the line, so that actual 
conversations can be carried on by persons at long distances 
apart ;” to which end he had “devised an instrument capable 
of vibrating responsively to all the tones of the human voice, 
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and by which they are rendered audible.” THe very accurately 
outlined, in a general way, what has since been demonstrated 
as the essentials of the modern telephone. These are a dia- 
phragm at the transmitter station, “ carrying an apparatus for 
producing fluctuations in the potential of the electric current, 
and consequently varying its power,” and a diaphragm at the 
receiving station acted upon by the current, and thus “thrown 
into vibrations corresponding with those at the transmitting 
end” (A and F, fig. 328). Both the transmitter and receiver are 
provided with a “vocalizing chamber,” and the diaphragm is 
described as “of some thin substance, such as parchment or 
gold beater’s skin, capable of responding to all the vibrations of 
the human voice, whether simple or complex.” Considering 
the events which immediately preceded the conception of the 
apparatus described, as narrated by Gray himself, it seems ap- 
parent that this description of the new art and the characteris- 
tics thereof are derived from the lovers’ telegraph, and not from 
any of his harmonic systems of telegraphy. It was the first in- 
strument of its kind that had been brought to his notice; artic- 
ulate sounds were to be transmitted and reproduced at a dis- 
tance; the instrumentalities employed for the purpose were the 
vocalizing chambers, diaphragms “capable of responding to all 
the vibrations of the human voice,” and a means for transmitting 
such vibrations from one diaphragm to the other. 

He had undoubtedly previously speculated upon the possi- 
bilities of electrically transmitting articulate speech; had ad- 
vanced “some idea or plan by which 2 could or might be done.” 
He claims, moreover, to have become convinced from experiments 
with the “ mechanical transmitter” that not only could his re- 
ceivers render articulate speech, “but that such speech could be 
transmitted through or from a single point;” but as this instru- 
ment, though operating by variation of pressure and friction to 
transmit sounds resembling the human voice, did not receive its 
impressions from any sound, and, as he testifies to having first 
obtained the idea of a single vibrating point capable of respond- 
ing to the vibrations produced by the voice from the lovers 
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Fig. 328. 
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telegraph, it is difficult to perceive just what idea was suggested 
by the “mechanical transmitter,” unless it be the mechanical 
production of articulate sounds after the manner of his musical 
transmitters, which do not receive and transmit, but create and 
transmit, the sounds produced. 

His mode of reasoning was, that 7/ he had a proper trans- 
mitter his receiver might be caused to respond to the tones of 
the human voice, because it did, when certain manipulations 
were performed, produce musical tones and tones resembling 
the human voice, all of which was mere speculation and con- 
jecture, and not invention. In the lovers’ telegraph he found 
combined all the elements essential to the transmission and 
reproduction of articulate speech, but its range of operation was 
restricted by the nature of the conducting medium, and he 
therefore proposed to substitute “an apparatus for producing 
fluctuations in the potential of the electric current, and conse- 
quently varying its power,” for the string which was acted upon 
mechanically in the same manner; and, to that end, he 
conceived a plan of converting the mechanical vibrations of the 
diaphragm, which were transmitted to the string, into electrical 
impulses or vibrations, by interposing in the electric circuit a 
device for producing variations in the conducting power of the 
circuit corresponding to the varying motions of the diaphragm 
under the influence of the sound waves, and for this purpose he 
adapted a device well known to him as possessing this property, 
viz: a wire or some other good conductor vibrated in water or 
other fluid of poor conducting quality in proximity to another 
wire or electrode. He had already made and patented instru- 
ments capable of responding to the varying impulses of elec- 
tricity, but, instead of relying upon these for receivers, he con- 
trived a new form of receiver, retaining only that part which 
was well known, long before his discovery, to be capable of 
responding to fluctuations in the current—an electro magnet and 
armature—and to this applied the membrane diaphragm and 
vocalizing chamber of the lovers’ telegraph. 

These circumstances lead to the conclusion that the invention 
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of the art of transmitting and reproducing articulate speech, and 
the means therefor, was not contemporaneous with nor the 
natural outgrowth of the transmission and production of musical 
tones, as previously practiced by him, but was anterior to and 
derived from the so called lovers’ telegraph. 

The filing of the caveat was presumptive evidence that the 
invention had not been perfected; but, aside from this, there 
is testimony tending to prove that it was not until June, 1876, 
that the first transmitter was made, and even then it was not 
used as shown in the caveat, but with a different receiver, 
and the apparatus as a whole was found to be inoperative. It 
was not until November, 1877, that he made such a receiver as 
is described in the caveat, but with a metallic instead of a mem- 
brane diaphragm; and it does not appear that his transmitter 
was ever successfully used. If Gray had entertained any conti- 
dence in the operation of the devices described in his caveat, he 
was guilty of great negligence in not promptly demonstrating 
their capacity. The caveat was filed February 14, 1876, and 
five days later he was notified that an interfering application 
had been filed which seemed to contlict with his claims. On 
the 7th of March, 1876, Bell's patent issued, and Gray became 
aware that this was the application referred to in his notice. On 
the 10th of May, 1876, the Centennial Exhibition opened, and 
Bell exhibited his articulating telephone, and Gray his harmonic 
system of telegraphy. Gray witnessed and tested the perform- 
ance of Bell's telephone, and received a copy of his lecture. 
After being thus fully notified of Bell's clains, what did Gray 
do? He made a transmitter copied after the description given 
in his caveat, and “experimented with it in the Centennial 
building, in connection with a wooden sounding box magnet 
receiver. The results were not satisfactory, owing, I believe, to 
the fact that the receiver that I used was not adapted for repro- 
ducing vibrations of such feeble character as are transmitted by 
the aerial vibrations of the human voice. Jf J had had with me 
the magnet receiver in either of these forms, viz., the concave 
metallic diaphragm magnet receiver (fig. 829), the diaphragm 
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box magnet receiver, or the resonant box magnet receiver, I 
believe the experiment would have been a success.” 

There is nothing, however, to indicate that his transmitter 
was designed for use with any of these receivers, nor that his ex- 
periments at that time related to the transmission of articu- 
late speech, and, from the fact that he did not test it for 
that purpose, because he only had the wooden sounding box 
receiver, but did, in fact, use it with the latter, we may conclude 
he was following out some other idea that proved unsuccessful. 


Fig, 329, 


In addition, we have the direct admissions of Gray, in lectures, 
publications and letters to Bell, acknowledging that the latter 
was the first inventor of the apparatus for transmitting vocal 
sounds. In a letter to Bell, dated March 5, 1877, Gray says 
referring to the matter of transmitting vocal sounds: “I do not, 
however, claim even the credit of inventing it, as I do not 
believe a mere description of an idea that has never been reduced 
to practice—in the strict sense of that phrase—should be dignified 
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with the name of invention.” It is clear, therefore, that Gray 
cannot be regarded as the inventor of the articulating telephone. 


THE EDISON CLAIM. 


In July, 1876, Edison learned of Bell’s centennial exhibition 
of the articulating telephone, and in the same month the first 
evidence is disclosed of a distinct effort being made on his 
part to construct an instrument designed for the transmission 
of articulate speech. It also appears that during this same 
month, as if under the spur of Bell’s success, his experiments 
with the Reis transmitter, described in Chapter V., were again 
taken up and pursued in a variety of forms, as if for the pur- 
pose of satisfying himself that it had failed because it broke 
the circuit, and could be made to transmit articulate speech by 
the interposition of a liquid for varying the resistance by the 
vibration of the diapbragm. From July, 1876, Edison appears 
to have actively pursued the subject of the speaking telephone. 
Two lines of experiments seem to have been followed—the first 
designated as the “ water telephone,” wherein the tension of the 
current in a closed circuit was to be varied by the movement of 
electrodes with reference to an interposed liquid; and the second, 
wherein the vibration of a diaphragm imparted motion to several 
contact points and cut in and out resistance. 

Throughout all of his experiments on the speaking telephone 
Edison maintained the principle of varying the resistance in a 
closed circuit ; and something having occurred which recalled to 
his mind the defective “carbon rheostat” of 1873, he proposed 
to turn to advantage that feature of the rheostat which consti- 
tuted the chief obstacle to its successful use, and which was first 
discovered upon the trial of the instrument. In January, 1877, 
he made the earliest experiments with this material, and the re- 
sult illustrates the first attempt to apply the peculiar property 
possessed by carbon of varying its resistance by pressure. After 
a year or more of further experiment, Kdison’s efforts culmi- 
nated in the production of his celebrated carbon transmitter, 
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which, under this name or that of the microphone, is used in 
some form as an important adjunct of the Bell telephone 
throughout the world. As Edison’s experiments with this 
apparatus were not begun until long after Bell had invented 
and patented the electric speaking telephone, and as he testitied 
in the interference cases before the patent office that “he never 
conceived the possibility of transmitting articulated speech by 
talking against a diaphragm in front of an electro magnet,” and 
that he “did most emphatically give Mr. Bell the credit of the 
discovery of the transmission of articulated speech by that prin- 
ciple,” and as articulate speech was never electrically transmit- 
ted by any other means before Mr. Bell discovered that prin- 
ciple, it is clearly evident that Mr. Edison was not the inventor 
of the electric speaking telephone, but he is entitled to the 
great credit of having vastly increased its practical value by his 
improvements. 
THE DPOLBEAR CLAIMS. 


At the time Dolbear claims to have first turned his attention 
to the subject of telephony, August, 1876, he was a professor at 
Tufts College. He began with Page’s experiments, using a Helm- 
holtz automatic interrupter in circuit with an electro magnet; 
this would produce a sound, but did not transmit and reproduce. 
He apparently recognized the necessity of controlling the current 
by the sound waves uttered at the transmitting station and to be 
reproduced at the receiver. Accordingly he proposed to utilize 
the vibrations of the membrane of an instrument designed by 
him, and which he named an opeidoscope, as a substitute for 
the interrupter of Helmholtz, and thus cause the vibrations of 
the membrane to break the current the number of times per 
second due to the pitch of the voice. To this end he bent a 
wire at right angles and fastened it to the middle of the mem- 
brane, the end of the wire being so arranged as to complete the 
circuit when touching a globule of mercury. Subsequently he 
substituted for the wire a conical piece of iron, with the expec- 
lation that its motion into and out of the mercury would change 
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the cross section without breaking the circuit, and thus vary the 
resistance. He found upon testing the conical point that the 
mercury was caused to bound away, and instead of partially in- 
terrupting the current, as he supposed it would, it interrupted 
it entirely, and the sounds transmitted were the pitch of the 
voice, and not articulate speech. 

The next step taken seems to have been the making of a 
memorandum and sketch in a diary, under date of September 
20, 1876. The memorandum is as follows: ‘ Let a coil of wire 
be about the pole of a permanent magnet, and the terminals be 
attached to a galvanometer, then when a piece of iron approaches 
the magnet a current is induced ; suppose that the wires connect 
with another coil about a permanent magnet, then the current 
will affect a piece of iron in front of the poles in the same way 
as the first is affected; in this way a telephone may be con- 
structed by making a sound to vibrate a piece of sheet iron in 
front of one magnet; the ear applied to the other magnet should 
hear the kind of sound made at the first.” The sketch accom- 
panying this description shows two straight bars with a coil of 
wire about one end of each, the two coils being connected by 
two wires; above that end of the bar upon which the wire is 
wound is a line representing the piece of sheet iron. 

It is clear that this memorandum contains a general descrip- 
tion of a magneto telephone, substantially like that shown in 
Bell's patent No. 186,787, of January 30, 1877, except that 
there is nothing to indicate the manner of supporting the “piece 
of sheet iron” whose vibrations, under the influence of the 
sound, are to induce a current in the wire. His subsequent 
proceedings, however, furnish the necessary evidence on this 
point Within a week or two after the making of the memo- 
randum, a student, Mr. Stetson, who only came on Saturdays to 
work, was employed to make a pair of telephones after the plan 
there indicated. The instructions, given by the aid of drawings 
on the blackboard, were to take two permanent straight bar 
magnets belonging to the college collection, wind a coil of wire 
about one pole orend of each, and for vibrating armatures to take 
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two opeidoscope tubes and fasten a piece of sheet iron to the 
middle of the thin rubber diaphragm stretched across the end of 
each. Only one instrument was completed on that day, and it 
was coupled up with a small model telegraph register, with the 
expectation that some audible results might be manifest. It 
was used but a moment or two, as Mr. Stetson had to go away. 
It is presumed no encouraging results were obtained, or the fact 
would have been mentioned. Stetson came only on Saturdays, 
and September 20, 1876, was Wednesday ; hence it must have 
been the 7th or 14th of October that this work was begun. 

According to Dolbear’s testimony, he determined before Stet- 
son's next visit that it would probably be better to make the entire 
diaphragm of sheet iron, and proposed that the pair should be 
constructed in that way. This was in October, 1876. Accord- 
ingly, when Stetson came again, he was instructed to work on 
this plan, employing some wooden spouts about three or three 
and a half inches in diameter, the sheet iron diaphragm to be 
fastened on one end. Stetson did some work on this—how 
much we are not informed—and did not return for severa! weeks: 
and even then, it seems, he did not renew his efforts. The ex- 
cuse offered by Dolbear for not giving the matter his personal 
attention was the expectation that Stetson would finish it, his 
time being devoted to his profession and in writing a book. 

In the latter part of December, however, he personally began 
the construction of a pair of telephones, which were finished and 
tested the latter part of January or first part of February, 1877. 
One of these instruments is shown and described on page 347. 

The special object had in view when the construction of 
these instruments was begun was the obtaining of a patent, and 
the delay in their completion was not from lack of time, as he 
frankly admits, but because of information obtained from Mr. 
Richards, about January 6, 1877, to the effect that Bell claimed 
to have patented the same thing two or three years prior. With- 
out further investigation on his part as to the truth of this report, 
he seems to have at once abandoned all expectation of obtaining 
the patent himself until the last of February, 1877, when he 
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discovered that Bell’s patent was applied for and obtained in 
January. 

Prior to this discovery of the date of Bell’s patent, he visited 
Bell’s room and was shown his telephone by Watson. The 
instrument exhibited at that time consisted of a U shaped per- 
manent magnet, with coils of wire on the poles and an iron 
diaphragm in front; a short speaking tube or air chamber was 
also provided. On the 16th of that month he addressed a letter 
to Bell, wherein he referred to the latter's “ very great invention,” 
and congratulated him thereon, having been led to believe, as 
he says, that Bell had patented the same two or three years 
prior, Dolbear’s testimony as to what Bell said to Richards or 
somebody else is mere hearsay, and no effort was made to prove 
that Dolbear’s instrument or invention was at the time ex- 
plained to Bell by Richards or others, After learning the date 
of Bell’s patent, in the latter part of February, 1877, he says he 
began to take steps to procure a patent; made an unsuccess- 
ful attempt to enlist friends, and sought the advice of counsel, 
and was discouraged upon learning the probable cost. When 
these efforts were made is not stated, and we can only locate 
them as between the first of March and the filing of the applica- 
tion, October 31, 1877. 

During February and March, 1877, he seems to have con- 
ducted a number of experiments, for he testifies to having made 
an instrument employing an electro magnet, as distinguished 
from a permanent magnet, with an iron diaphragm fastened at 
the edge; also one having a permanent magnet with tron poles, 
another having a permanent magnet with conical or rounded iron 
poles; and a fourth employing a signalling fork for a call. 

Dolbear attended a lecture given by Bell in Music Hall, 
Boston, and a few days later addressed the latter a letter, dated 
May 6, 1877, wherein he enters a protest against Bell’s claim to 
be without a competitor as to his latest form of telephone. In 
this letter Dolbear lays claim to having invented “ substantially 
this present arrangement” in June, 1864, but abandoned it for 
want of means. He acknowledges that he was led to take up 
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the subject again in the fall of 1876, by reading Sir William 
Thomson’s remarks concerning Bell's invention, and that he then 
began experiments “ which resulted,” early in December, 1876, 
“in the present form of the telephone, such as you use; that is, 
the inducing permanent magnet and the vibrating plate.” He 
denies all knowledge of Bell’s work in this line and says: “After 
I had succeeded in this I thought of visiting you, and saying to 
you, what you were doing with a battery could be as well done 
without a battery, but my friends persuaded me to keep away 
from you, to perfect a pair of instruments, and obtain a patent 
for them. This I was doing when your invention of the same 
thing was made public. I have looked over the patent files and 
noted that your application dates January 15, and that the 
patent was granted on the 30th of that month. To me it ap- 
pears that I had invented this form while you were vet experi- 
menting with the battery, as, for instance, between Cambridge- 
port and Boston, Malden and B., ete. There are plenty of per- 
sons here who know about these things, and can testify that they 
all preceded any mention of your experiments in the same direc- 
tion, This, I think, entitles me to at least an equal claim with 
yourself to this latest form of the telephone.” 

In order to reconcile the statements contained in this letter 
with the evidence, we must credit him with referring to the 
sketch, memorandum, and incomplete instruments made by 
Stetson, as the “experiments which resulted in this present 
form of the telephone” with inducing permanent magnet and 
vibrating plate, and that he had not ‘“ succeeded,” in the sense 
of having completed or tested the invention, when he pro- 
posed to visit Bell and suggest that the latter could do without 
a battery; for he says he was persuaded to keep away from Bell, 
perfect a pair of instruments, and obtain a patent for them, 
which he was doing when Bells invention became public, and 
these instruments were not commenced until the latter part of 
December, 1876, and finished in the latter part of January or 
first part of February, 1877. . 

Ile also says in the same letter: “I did at one time seriously 
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think of contesting your patent, but I learned that it was always 
a costly thing, and I hadn’t a cent to spend for any such pur- 
pose; therefore I beg you not to be uneasy in the slightest de- 
gree as to your claim. J shall not interfere. All I would ask of 
you will be that while giving the work of others upon the sub- 
ject. you will not entirely ignore me.” 

This was after Dolbear had inspected the files of Bell's patent 
of January 30, 1877, and knew not only what it contained, but 
the date of the application also, January 15, which was earlier 
than the construction and trial of any of his instruments. Bell 
did not, however, accord him the credit which he demanded, 
but, as Dolbear testifies, ‘reiterated his former statement con- 
cerning the matter of competition in invention, and my only 
chance of recognition was to maintain my rights in this way. 
In a very few weeks, when the reports of Prof. Bell’s utterances 
reached me, I made up my mind to apply for a patent.” 

In September, 1877, Prof. Dolbear entered into a contract with 
the Gold and Stock Telegraph Company for patenting and ex- 
ploiting his inventions, and soon after an application for a patent 
was filed for the device in controversy, which was refused on the 
ground that “ Dolbear’s testimony that at some time during 
the month of October, 1876, he concluded to try a sheet 
iron diaphragm, for his telephone, is insufficient to overcome 
Bell's evidence of completion in October, 1876, and possibly 
earlier.” 


THE REIS CLAIM. 


In 1861, and subsequently, Philip Reis, in Germany, made 
an electrical instrument to be operated by the voice. It was 
known as an instrument which could transmit the pitch of a 
sound, but which did not transmit speech. About 1863, Reis 
began to make his apparatus for sale, and continued to do so 
until his death, in 1873, but he never offered it as an instrument 
that could transmit speech, and no man ever bought it for that 
purpose. Prof. Henry had the Reis apparatus at the Smith- 
sonian as early as 1874. It was with full and recent knowledge 
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of this instrument, therefore, that Prof. Henry, in his official re- 
port as one of the judges of the Centennial Exhibition, declared 
Mr. Bell's speaking telephone to be the greatest marvel hitherto 
achieved by the telegraph. Reis’ efforts, well and widely known, 
had never given a speaking telephone to the community. The 
publications by and about Reis state that his apparatus was one 
which interrupted the circuit at each principal vibration of the 
transmitting membrane. 

In Spencer's case, it was shown that the Reis transmitter, if 
connected with the most improved form of the Bell receiver, 
could be so managed that it would not perform the circuit 
breaking operation of Reis, but would produce, though im- 
perfectly, an undulatory current, resembling in form the sound 
waves, and that this current would cause a modern receiver to 
give forth, to some extent, the same words spoken into the 
transmittter. But the defendant's witness in that case, Prof 
Morton, said that he had not been able to obtain speech by the 
Reis apparatus as a whole, and had not been able to obtain 
speech by the Reis apparatus when it made and broke the cir- 
cuit, as stated in all the Reis publications. The court there- 
upon held and decided that nothing that Reis did anticipated 
Mr. Bell’s patent, or limited its scope, remarking: 

“ Reis appears to have been a man of learning and ingenuity. 
He used a membrane and electrodes for transmitting sounds, 
and his apparatus was well known to curious inquirers. The 
regret of all his admirers was that articulate speech could not be 
sent and received by it. The deficiency was inherent in the 
principle of the machine. It can transmit electrical waves along 
a wire, under very favorable circumstances, not in the mode in- 
tended by the inventor, but one suggested by Bell’s discovery: 
but it cannot transmute them into articulate sounds at the other 
end, because it is constructed on a false theory, and the delicacy 
of use required to make it perform part of the operation is fatal 
to its possible performance of the other part * * * A 
century of Reis would never have produced a speaking tele- 
phone by mere improvement in construction.” 
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In Dolbear's case the work of Reis was put forward again 
with very great elaboration and with an exhaustive collection 
of publications relating to Reis. It was asserted that Reis’ ap- 
paratus as a whole, when spoken to so as to produce no separa- 
tion of the electrodes, and not to perform the operation de- 
scribed by Reis, but to produce the current specified in Mr. 
Bell's claim, could transmit speech to some extent; but the cross- 
examination of the defendants’ witnesses and a public trial of the 
instruments showed that only a word or two could be trans- 
mitted in this way, and that the apparatus, even with the knowl- 
edge imparted by Mr. Bell and subsequent inventors, was 
practically worthless. It is further proved by the same public 
trial that the Reis transmitter, when coupled with the modern 
improved coils and receivers, could transmit sentences. The 
court still held that this neither anticipated Mr. Bell’s invention 
nor limited the scope of his patent. Neither that apparatus 
nor any other can transmit speech when operating in the way in 
which Reis specially directed it to be operated, and declared 
that it did operate. That is enough to destroy the value of it 
as an anticipation. The man who did not know how to trans- 
mit speech does not supersede the need for one who does. 

The Reis apparatus, when spoken to in the ordinary way, and 
as Reis contemplated, does not, in fact, transmit speech. If it 
were true that in the course of a year’s use of it Reis had 
occasionally unwittingly produced Mr. Bell’s currents, and 
transmitted a word or two without recognizing how he had 
transmitted it, and without knowing how to reproduce that 
phenomenon, it would not make of his apparatus a speaking 
telephone. 

In addition to this it is a fact that writers after the date of Mr. 
Bell’s patent, as well as before, declared that the Reis apparatus 
could not transmit speech. The notion that any part of it can 
be used for that purpose is one which has arisen within the last 
three or four years in consequence of the great development 
which has been given to Mr. Bell’s invention, and because it has 
been found that the rudest and most imperfect instruments 
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enable it to be practised to some extent by those who are fully 
instructed in it. Thus a Morse key and sounder ean, under 
proper conditions, be made to transmit speech. 

Professors Brackett and Young have testified that, with the 
Reis transmitter and the modern improved Bell receiver, or with 
what they call the McDonough receiver, they can transmit 
speech. They do not venture to say that they can do this by 
the method and kind of operation described by Reis. They do 
not venture to refer to the Reis publications or to say that any 
man, doing what is there laid down, can transmit speech. They 
further state in terms that they did not test the Reis apparatus 
as a whole, consisting of the Reis transmitter and receiver, be- 
cause such a test, in their judgment, would “ have no particular 
bearing in this case.” 

William J. Green, connected with the Smithsonian Institu- 
tion, says that two years and a half ago he, in company with a per- 
son who does not testify, heard speech transmitted with the Reis 
transmitter and receiver. Considering how glibly witnesses in 
the Dolbear case swore that they could do this, and how com- 
pletely they broke down when a suitable test was applied to 
their story, it is plain that the testimony of Mr. Green alone. 
to an experiment which Professors Young and Brackett were 
brought face to face to, but did not try, is worthless. It is 
virtually destroyed by the testimony of E. W. Smith, who says 
that with a Reis instrument made by him he “found that he 
could hear words spoken, but very indistinctly ;” that when he 
connected the transmitter with a modern receiver he “ found 
that he could distinguish words and sentences.” 

Sylvanus P. Thompson has written a book, in which he states 
that Reis employed a variable contact as distinguished from a 
making and breaking contact. Considering that every publica- 
tion made by or about Reis before 1878 described his telephone 
as a make and break contact instrument, it would be difficult to 
characterize this assertion in strong enough language. It ap- 
pears, however, that Sylvanus P. Thompson published a book 
on electricity in 1881, and in that he said that the operation of 
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the Reis apparatus consisted in “making and breaking contact,’ 
and that “the utterance of speech cannot be transmitted by ab- 
rupt interruptions of the current. They require gentle undula- 
tions, sometimes simple, sometimes complex, according to the 
nature of the sound.” In 1882 Mr. Thompson became expert 
witness in a suit of the United Telephone Company, Limited, 
against Harrison, Cox, Walker & Company, which involved the 
question of the microphone and its operation, and testified as an 
expert for the defence. He then had got along to the point of 
saying: “ Reis’ transmitter was intended by the inventor to work 
as a make and break contact instrument, and the inventor ex- 
pected it to produce articulate speech by this action. He was 
not aware that prior to Bell’s patent anybody had written to the 
effect that Reis’ transmitter acted in any other way than as a 
make and break instrument.” He asserted that ‘as a matter of 
fact Reis did obtain articulate sounds, but this was when the in- 
strument worked in a manner which it was not intended it 
should.” 

Mr. Thompson's book purports to have been written with the 
assistance of Mr. Albert Stetson, of Boston, and the Dolbear 
Telephone Company, who communicated to him a large portion 
of the Reis publications, which are more or less correctly copied. 
Mr. Stetson has long been associated with Mr. Dolbear and the 
Dolbear Telephone Company, and the publications procured by 
him in Germany were procured for and used by the Dolbear 
Company in the suit brought against them and decided in 1888. 
It also appears that Sylvanus P. Thompson has patented in 
England certain improvements in speaking telephones, which he 
asserts to be improvements on the principle of variable resist- 
ance between two contact pieces, alleged by him to have been dis- 
covered by Reis. He has, therefore, a direct personal interest to 
have it believed that the Reis apparatus was a speaking telephone. 

As a specimen of the shallow and sophistical arguments whiclt 
Mr. Thompson brings forward in support of bis new theory that 
Reis’ apparatus was a speaking telephone, we reproduce the fol- 
lowing communication : 
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REIS’ TELEPHONE. 


It may, perhaps, interest the readers of The Electrician to read 
the prospectus which Reis issued with his telephones in August, 
1863, of which I enclose for your inspection an original print, 
together with the accompanying translation. I may add that a 
copy of the prospectus (reprinted in Pisko’s “ Recent Apparatus 
of Acoustics”) has been in the British Museum for the last 
dozen years, and another copy in my own possession for seven 
years. Written one month later than the letter to Mr. Ladd, 
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Fig. 330. 


which has so lately been reprinted in your columns, it explains 
several of the obscurities in that letter. It is valuable also as 
showing, among other things, the function of the auxiliary ap- 
paratus which Reis used as a call signal, and which tn his letter to 
Mr. Ladd he had styled the ‘‘ complementary telegraph.” 

The question raised by the letter of Mr. Farquhar in your col- 
umns as to whether the existence of this telegraphic signalling 
apparatus did not show that the instrument was intended only 
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to transmit music, is most satisfactorily answered by the pros- 
pectus and by the figure. In the first place, had the “ comple- 
mentary telegraph” been intended to make up for supposed de- 
ficiency of the telephone, it would have been placed at the side 
of the receiving, not of the transmitting, part of the apparatus. 
Its position at the side of the transmitter shows that it was put there 
to enable the person who was listening at the receiving end to tele- 
graph back to the person who was singing or talking at the trans- 
muller. 

Further, the instructions given for signalling are a sufficient 
reply in themselves to the question raised by Mr. Farquhar. 
If the person who is listening to the receiver wants the person 
at the transmitting end to tulk, he signals two strokes; if he is 
to sing, one stroke is signalled. 

Lastly, a most curious commentary on Reis’ utter unfamiliar- 
ity with the technicalities of telegraphy is afforded by the code 
which he suggests for the use of the person who wants to signal 
through the “complementary telegraph.” Yet the Morse code 
was known in Germany long before 1863. 

Yours, ete., 
SYLVANUS P. THOMPSON. 

April 21, 1883. 

REIS’ PROSPECTUS. 
Telephone. 


Each apparatus consists, as 1s seen from the illustration (fig. 
330), of two parts: the telephone proper, A, and the reproduc- 
tion apparatus [receiver], C. These two parts are placed at such 
a distance from each other that singing or the tones of a musical 
instrument can be heard from one station to the other in no way 
except through the apparatus itself. 

Both parts are connected with each other, and with the bat- 
tery, B, like ordinary telegraphs. The battery must be capable 
of effecting the attraction of the armature of the electro magnet, 
placed at the side at station A (3 to 4 6 in. Bunsen elements 
suffice for several hundred feet distance). 
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The galvanic current goes then from B to the screw, d, thence 
through the copper strip to the little platinum plate at the mid- 
dle of the membrane, then through the foot, c, of the angular 
piece to the screw, b, in whose little concavity a drop of quicksilver 
ts put. From here the current then goes through the little tele- 
graph apparatus, e f, then to the key of station C, and through 
the spiral past č back to B. 

If now sufficiently strong tones are produced before the sound 
aperture, S, the membrane and the angle shaped little hammer 
lying upon it are set in motion by the vibrations, the circuit 
will be once opened and again closed for each full vibration, and 
thereby there will be produced in the iron wire of the spiral at 
station C the same number of vibrations which there are per- 
ceived as a tone or combinations of tones (chord). By imposing 
the little upper case [oberkastchen] firmly upon the axis of the 
spiral, the tones at C are greatly strengthened. 

Besides the human voice (according to my experience), there 
can also be reproduced the tones of good organ pipes from F to 


C, and those of a piano. For the latter purpose A is placed 
upon the sounding board of the piano (of thirteen triads, a skilled 
experimenter could with all exactness recognize ten). 

As regards the telegraph apparatus placed at the side, tt is clearly 
unnecessary for the reproduction of tones, but it forms a very agree- 
able ad tition for convenient experimenting. By means of the same 
it is possible to make one's self understood right well, and certainly 
by the other party. This takes place somewhat in the following 
manner. After the apparatus has been completely arranged, 
one convinces one’s self of the completeness of the connection 
and the strength of the battery by opening and closing the cir- 
cuit, whereby at A the stroke of the armature, and at C a very 
distinct ticking, 1s heard. 

By rapid alternate opening and closing at A, it is asked at C 
whether one is ready for experimenting, whereupon C answers 
in the same manner. 

Simple signals can, by agreement, be given from both stations 
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by opening and closing the circuit one, two, three, or four times. 


For example, 
1 beat = sing. 
2 beats = speak, etc. 


In telegraphing words thus [ number the letters of the alpha- 
bet, and then transmit their numbers: 


1 beat = A, 
2 beats = B, 
2 =C, 
4 “* =D, 
5 “ =E ete. 


Z would accordingly be designated by 25 beats. 

This number of beats would, however, appear wasteful of 
time, and would be uncertain, wherefore I emplov for every five 
beats a dactyl beat (dactylusschlag), and there results: 


-uu for E, 
— uu and 1 beat for F, ete. 


Z = — UU — UU, — UU — UU — UU, Which is more quickly 
and easily executed, and easier to understand. 

It is still better if the letters are represented by numbers 
which are in inverse proportion to the frequency of their occur- 
rence. 

PHIL. REIS, 
Teacher at L. F. Garnier’s Institute for Boys. 


Friedrichsdorf, near Homburg-by-the-Height, Aug., 1863. 


Mr. Thompson’s three reasons why Reis “complementary 
telegraph ” did not show that his “ telephone” was not a speak- 
ing telephone are: 


1. Because, “ had the complementary telegraph been intended 
to make up for the supposed deficiency of the telephone, it 
would have been placed at the side of the receiving, not of the 
transmilling, part of the apparatus.” 
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Reis did place a part of the supplementary telegraph apparatus 
—viz,, the key—at the side of the receiving part of the ap- 
paratus; but why should he place a sounder there? If the re- 
ceiving part of the Reis apparatus was competent to reproduce 
musical tones, was it not competent to reproduce the simple 
making and breaking of the current representing the dots of 
Reis’ telegraph signals? Reis placed a key upon the telephone 
transmitter to send make and break signals which were repro- 
duced upon the telephone receiver; and he placed a key upon the 
telephone receiver to send make and break signals to the Morse 
sounder placed upon the telephone transmitter. This constituted 
a complete telegraphic system by which the experimenters with 
the telephone could communicate with each other, and make 
themselves “ understood right well.” 

Mr. Thompson cannot be so dull as not to comprehend this, 
and we cannot imagine why he should believe anybody else to 
be. 

2. “ The instructions given for signalling are a sufficient reply 
in themselves to the question raised by Mr. Farquhar. If the 
person who is listening at the receiver wants the person at the 
transmitting end to talk, he signals two strokes; if he is to sing, 
one stroke is signalled.” 

Now this was an experimental apparatus by which certain 
sounds were transmitted and reproduced with more or less ac- 
curacy. The transmitter was sung, shouted or talked into, and 
the experimenters amused themselves by listening at the receiver 
for what might come out. The imagination helped some to 
hear a good deal more than came, as it did the drunken man who, 
on falling into a frog pond, heard in the croaking of the frogs, 
“ Abrams got drunk; how much did he drink? Half a pint!” 

To argue that Reis’ apparatus could transmit articulate speech, 
because he had provided in his code of signals that two beats 
should stand for speak, is more absurd than it would be to 
argue that Mrs. Toodles had a son-in-law by the name of 
Thompson, because she had bought a door plate with that name 
upon it, in the possibility that “she might have a daughter who 
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might grow up and marry a man by the name of Thompson.” 
All of these events, although improbable, might have happened 
in the course of twenty or thirty years of Mrs. Toodles’ exist- 
ence; but twenty, thirty or a hundred years of Reis’ could not 
have produced a speaking telephone, because his apparatus did 
not contain the latent possibilities of such a result. 

8. “ Lastly, a most curious commentary on Reis’ utter un- 
familiarity with the technicalities of telegraphy is afforded by 
the code which he suggests for the use of the person who wants 
to signal through the complementary telegraph. Yet the Morse 
eode was known in Germany long before 1863.” 

We venture to say that Reis knew as much about the Morse 
code as Thompson does—and a good deal more about the tele- 
graph system, if the latter's knowledge is to be measured by his 
apparent or assumed ignorance of the function of Reis’ comple- 
mentary telegraph. The reason why Reis used his own code 
was because it required no effort to learn it, and was better 
adapted to be used in connection with his telephone by the 
inexperienced people who experimented with it; but suppose 
he had not been familiar with the technicalities of telegraphy, 
would that fact increase the probabilities that his telephone 
could transmit and reproduce articulate speech ? 

But why waste words on such a perfectly simple matter? 
If Reis’ telephone could transmit speech, why did he not pro- 
vide both a transmitter and receiver at each end of his line, and 
rely wholly upon the telephone for communication, instead of 
employing an auxiliary telegraph apparatus for the purpose? 
People gifted with the faculties of hearing and speaking are 
not in the habit of acquiring a knowledge of the deaf and dumb 
alphabet for the purpose of making themselves “ understood 
right well, and certainly by the other party”! 

A great many articles have appeared in support of the new 
Reis claims, but most, if not all of them, have been written by 
interested parties, one of these parties being Mr. Buck, assistant 
to Mr. Dolbear and the Dolbear Telephone Company, and wit- 
ness for the defence in the Dolbear suit. One of Mr. Buck's 
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articles states that le can say that he has often reproduced 
speech, including both words and unexpected sentences, using 
a Reis transmitter to transmit and a Reis receiver to receive. 
He was called as a witness in the Dolbear case to support that 
assertion, and both he and his assistants utterly failed to trans- 
mit anything beyond three or four detached words in the course 
of rather long trials on two different days. 


DR. VAN DER WEYDE AND HIS REIS APPARATUS. 


In 1869 Dr. Van der Weyde had read a description of the 
Reis apparatus in Hassler’s “ Technical Physics,” and constructed 
and exhibited one in which he introduced some slight miodifica- 
tions of detail which are not intended to, and did not, change 
the nature of the operations performed or of the results pro- 
duced. He exhibited it at the Cooper Institute, January 7, 1569. 
and a report of the exhibition was published in the New York 
“Tribune” of the next day. In the “Manufacturer and Builder,’ 
of which he was editor, he published, in May, 1869, an account of 
his apparatus, the character of its operation, and its result. He 
describes it as a current interrupter, and says of it: “It is clear 
from the foregoing explanations that no quality of tone can 
be transmitted, much less can articulate words be sent, notwith- 
standing the enthusiastic predictions of some persons who, when 
they first beheld this apparatus in operation, exclaimed that 
now we would talk directly through the wire. It is, from its 
nature, able to transmit only pitch and rhythm—consequentiy 
melody and nothing more. No harmony vor different degrees 
of strength or other qualities of tone can be transmitted. ‘The 
receiving instrument, in fact, sings the melodies transmitted, as 
it were, with its own voice, resembling the humming of an in- 
sect, regardless of the quality of the tone which produces the 
original tune at the other end of the wire.” 

In the “Scientific American” of March 4, 1876 (three days be- 
fore the date of Mr. Bell’s patent), he redescribed what he ard 

Reis had done, and claimed no greater capacity for the appa 
ratus. 
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In 1880 he made an affidavit, in which he testified: “I think 
that I was, and down to the time of Mr. Bell’s patent 174,455, 
March 7, 1876, continued to be, familiar with all that was pub- 
licly known on the subject. I have reason to believe that the 
instruments I constructed were the most perfect known before 
Mr. Bell’s patent, in which any sound was produced at a distant 
station by the voice of the speaker at the transmitting station. 
But neither the instruments then made, nor any other that were 
known before Mr. Bell’s invention, were capable of transmitting 
articulate speech.” 

He then repeated the paragraph already quoted from the 
“ Manufacturer and Builder,” and testified that it expressed his 
opinion and the opinion of scientific men generally at the time. 
He added: “ I have read Mr. Bell’s patent of March 7, 1876, and 
understand it. The apparatus there shown I believe to be new, 
but the invention therein described consists chiefly in the intro- 
duction and use of an entirely new method and mode of 
operation. This I believe to be the opinion of the scientific 
world,” 

Ife has since made an affidavit, in which he says that in 1880 
he still believed that the Reis apparatus would not transmit 
speech, but now thinks it can. But he docs not pretend that it 
can do so when performing the circuit breaking operation, which, 
according to all the descriptions, was the only operation it did 
perform, or was intended to perform, in the hands of Reis or of 
himself. 

It is also alleged that he constructed a receiver, consisting of 
an electro magnet placed near to, but not touching a diaphragm, 
as a means of converting intermittent currents into musical 
sounds. Unfortunately for him, the printed publications of the 
period, made by and about his instruments, describe various re- 
ceivers, but they do not describe this, and the descriptions they 
giveare totally inconsistent with his present pretensions. The 
statements in his affidavit, that he disclosed such a contrivance 
so operating to the Bell counsel, they pronounce entirely un- 
true. 
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McDONOUGH'S CLAIMS. 


There are two answers to the pretensions put forward on be- 
half of McDonough. One is, that he never made and never 
knew how to make a speaking telephone; the other is, that 
what he did was later than Mr. Bell's invention. McDonough 
was a wholesale furniture manufacturer of ample means, and had 
taken out several patents on matters relating to bis business In 
April, 1875, he read in a Chicago newspaper an account of 
Gray’s musical telephone, and told Mr. Eastman that he could 
make an instrument that would carry speech from one place to 
another in place of musical sounds. In the latter part of May, 
1875, he began the construction of his first instruments designed 
for the electrical transmission and reproduction of articulate 
speech. For this purpose he procured two tin cans, and over one 
end of each stretched a piece of parchment, pasting it to the tin 
as well as tying it with a string. A screw fastened to the side of 
one of these cans served to fasten it to a base, and a piece cf 
tinned iron pasted near the centre of the parchment diaphragm 
served as an armature for an electro magnet mounted upon a 
block, which latter was so pivoted to the base as to permit of an 
adjustment of the electro magnet toward or from the diaphragm. 
This constituted the receiver. The other tin can formed part of 
the transmitter and was a duplicate of that above described, ex- 
cept that in place of the tinned iron a piece of thin German sil- 
ver was attached to the diaphragm. The can was placed on end, 
the diaphragm being horizontal, and immediately above the piece 
of German silver projected an arm carrying a smal] glass tube, 
through which passed a needle. ‘This needle was free to move 
up and down in the glass tube, and one end rested upon the 
German silver, while the other was connected to a binding post 
by a thread of tin foil. 

The transmitter and receiver were connected with a battery, 
the circuit being from the battery, through phe coils of tie 
electro magnet, to the piece of German silver, through the 
needle, and back to battery. When completed the instruments 
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were tested, and the mode of operation and results obtained 
were in kind the same as had been described by Reis, as will 
be apparent from McDonough’s own statement, who says: 
“This set of instruments was operated by singing upon the dia- 
phragm of the transmitter, the vibrations produced by the voice 
causing the diaphragm to vibrate, making and breaking the 
electric current at the point of contact between the needle and 
the piece of metal upon which it rested. This breaking of the 
current caused an alternate magnetization and demagnetization 
of the magnet of the receiver, attracting the piece of metal fast- 
ened to the membrane of the receiver and releasing it, causing 
it to vibrate together with the membrane, thereby producing 
sound which could be heard by the one at the receiver. This 
instrument was used and operated by myself and Mr. Lastman. 
We could recognize tunes, but no words.” Eastman, who as- 
sisted, says: “The results from these experiments, as heard at 
the other end, or in the receiver, was a variation of rattling 
sound and musical tones;” and again: “ We made many ex- 
periments with this machine, and at times we could distinguish 
the tune that was sung.” 

Without apparently understanding the cause of his failure, or, 
at least, without any express purpose to depart from the general 
principles embodied in these first instruments, McDonough: con- 
structed a new transmitter and receiver, which he tested in June, 
1875. He took two iron hoops, twelve inches in diameter, and 
fastened upon them parchment diaphragms, by first winding 
cotton cloth around the hoops and then pasting the parchment 
to it. Near the centre of one of the diaphragms he pasted a 
piece of tinned iron, and mounted the hoop upon a base in front 
of the electro magnet used in his previous experiment. This 
constituted the receiver. The other hoop he used in the trans- 
mitter. Near the centre of the diaphragm two pieces of thin 
German silver were pasted, about an inch and a half apart, with 
a wire attached to each. A bridge or arch shaped piece of thin 
German silver rested loosely upon the pieces of German silver 
on the diaphragm; the circuit was from one of the pieces, 
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through the bridge to the other piece, thence through the coil of 
the receiver back to the battery. 

When these devices were tested the bridge piece was shaken 
off from the contact pieces by the vibrations of the diaphragm; 
and to remedy this, he sought to maintain the bridge piece in 
place by passing a thread through it and the diaphragm, tying a 
knot above the former and one below the latter. With these 
instruments, McDonough says, “ we could distinguish tunes and 
some words distinctly.” He then substituted for the thread a 
screw threaded pin, fastening it to the diaphragm by two nuts— 
one above and the other below—and placed another nut above 
the bridge piece. 

This constitutes the extent of his invention and most perfectly 
constructed form of his apparatus. As to the results obtained, 
Meclonough says: “ Clearly recognizable tunes and entire sen- 
tences of clearly understood words were transmitted through the 
instruments and heard at the receiver,” and when asked to 
specify the tunes or spoken words, hesays: “To my knowledge 
the tunes were ‘ Swanee River, ‘ Muffin Mun, ‘ Shoo Fiy, and 
some others. The words which impressed themselves upon me 
more particularly were,‘ Way-down upon the Swanee Ribber, 
far, far away,’ which I heard consecutively and clearly, noticing 
the elision at the beginning of the word ‘'way,’ and the change 
of ‘v’ to‘b’in the word ‘river.’ The words of other tunes were 
distinct when the instruments were properly regulated. I could 
distinguish peculiarities of voice in those speaking or singing.” 

Eastman says: “I assisted Mr. McDonough in operating the 
machine whenever I had time and we were home together— 
generally every evening—and I guess we exhausted all the 
songs we ever heard. I can give you the names of a few of 
them; others I don’t remember. They were ‘Swanee River,’ 
‘Down in a Coal Mine,’ ‘Old Zip Coon,’ and others that I 
have forgotten. I heard many of the words of these songs; ex- 
actly which words I can't remember. I also heard Mr. Mce- 
Donough say, ‘Halloo, Frank,’ and other words that I can't 
remember now.’ 
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Wilsey, McDonough’s step father, says: ‘It was in the latter 
part of June—the exact date I can’t recollect—1875, at 72 
Warren Avenue, Chicago, I asked Mr. McDonough what results 
he was getting. He told me he was pretty well satisfied. I re- 
quested him to let me listen, in order to hear whether I could 
hear anything or not. I listened at it. At first I heard nothing. 
I concluded that I was a little too far from the machine. By 
getting very close to it I could hear singing; I was able to de- 
termine what tune he was singing; I also was able to catch 
now and then a word; that is all.” 

J. E. McDonough, the applicant’s brother, says: “It was at 
72 Warren Avenue, in the Jatter part of June or near the first of 
Julv, 1875. l was called to listen by my brother one evening 
while my mother was singing in the parlor of the house, and I 
heard the singing; and slapping my brother on the back and 
saying, ‘By George, Jimmie, you've got it, after all! I heard 
‘Down come uncle and aunt, down come sister Caturah,’ 
That’s about all that I can recollect at the time of hearing.” 
The words referred to above were the words of a song he had 
often heard his mother sing. 

This is the mere unaided memory of the applicant and his 
household, the only parties who testify of theirown knowledge 
as to the working of the device, testifying six years after the 
experiments. When it is considered that an instrument operat- 
ing as his contemporaneous and uncontradicted sworn and 
written statement—his application—stated that it did operate, 
cannot transmit speech, no doubt is left as to what was heard 
and was not heard. 

With respect to the construction and mode of operation of 
the several devices, the examiner of interferences says: “ levi- 
dence of two kinds is presented from which, and the surround- 
ing circumstances, to determine the nature and extent of Me- 
Donough’s invention. The two kinds of evidence are the testi- 
mony of witnesses as to transactions occurring a number of 
years previous, and the description of the apparatus as contained 
in the application. With respect to the first of these, it would 
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seem, upon a careful examination, to be insufficient to establish 
beyond doubt or question the successful reduction to practice of 
an articulating telephone, whatever else it may prove. Nota 
single witness describes, nor does it appear that he was conver- 
sant with, the conditions necessary to render the instruments 
capable of transmitting and reproducing articulate speech. It 
is not pretended that, prior to the last of June, 1875, any in- 
strument had reproduced a single articulate sound, and this 
was due, it would seem, to the fact that the transmitter broke 
the circuit instead of maintaining a constant control over it. 
Without designing, so far as the record shows, to depart from 
the principles underlying previous constructions, he made an 
instrument such as is embodied in his application, obviously 
capable of operating in the same manner as those that preceded 
it, and with it obtained the results stated. Conversation was 
not carried on with it, but tunes were recognized, together with 
some words of the tune. A sound approximating to a famil- 
iar tune naturally suggests to the mind the words; it is fre- 
quently a mental deception, as observation teaches. That his 
experiments amounted to more than this has not been satis- 
factorily proved. He may have advanced a little beyond Reis, 
but it is not certain. Not having fully realized his expecta- 
tions, he attempted to improve not alone the loudness, as 
he would have us understand, but the distinctness also; in 
this he failed. Fearful lest others should outstrip him in 
the accomplishment of that for which he was seeking, but had 
not found, he concluded to file an application for a patent 
This application, then, must be presumed to contain the best 
explanation of his invention that he could furnish to the public; 
it forms the standard with which his invention must be com- 
pared and measured. Further progress was abandoned, the 
instruments neglected or destroyed, aud, except as described in 
the application, not a single person, including himself, knew 
how to construct and operate the devices for the accomplish- 
ment of the end in view. The invention, which is called a tele- 
loge, is thus described in the application: ‘The object of my 


McDONOUGH’S CLAIMS. 483 


invention is to provide a means for transmitting articulate sounds 
from one place to another through the medium of electricity, 
and it consists in the combination with an electrical battery, 
circuit wires, armature, magnet and a circuit breaker of a trans- 
mitting and a receiving membrane or sounding apparatus, so 
constructed as to vibrate in accord with the vibrations of articu- 
late sound, and so arranged relative to the magnet and circuit 
breaker that the vibrations of the transmitting membrane or 
apparatus, produced by articulate sounds, are transmitted by the 
electrical current to the receiving membrane or apparatus, and 
so as to cause a like vibration of the receiving membrane or ap- 
paratus, and it to produce the articulate sounds transmitted from 
and by the transmitting membrane or apparatus. My invention 
also consists in the novel construction of the circuit breaker, as 
hereinafter more fully described.’ ” 

Then follows a description of the apparatus made the last of 
June, 1875, the bridge piece being referred to as the circuit 
breaker, and is thus described: “D is the circuit breaker, which 
consists of an arch shaped piece of metal loosely secured at its 
centre upon the bolt, D, and is bent upward at each end, and 
from the membrane, A, as shown in fig. 8, so as to form inde- 
pendent V-shaped points adapted to rest upon the respective 
plates, CC. The circuit breaker, D, is so fitted upon the bolt, 
D, as to admit of a free and easy ascending and descending 
movement, the limit of its ascending movement being determined by 
ats contact with the nut, E, on the bolt, and the descending move- 
ment being limited by tts contact with the plates, C C.” 

The bridge or contact piece, through which the current passes, 
is to have a free and easy ascending and descending movement, 
limited only by contact with the plates on the one hand and 
the nut on the other. It has been argued that this may be in- 
terpreted to mean a tendency to move which is resisted by the 
plates and nut; and thus he may have expressed constant con- 
tact with variation in pressure. Such, however, cannot be ac- 
cepted as the reasonable interpretation of his language. To 
limit the motion of a body between, two objects is essentially 
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different from restraining or resisting the tendency to move. 
Then, again, he denominates it a “circuit breaker,” a technical 
name for an instrument adapted to break or sever the contact, 
and hence totally interrupt the passage of electricity. If he 
purposed maintaining the bridge piece in constant contact with 
the metal plates, he could not have selected a more inaccurate 
title, for it represents exactly the opposite. Butall doubt, if any 
there be, upon this point is set at rest by the description of the 
operation of the devices as he designed they should be used. 

“The operation of my said teleloge is as follows: The trans- 
mitting membrane, A, being sensitive to the vibrations of ar- 
ticulate sounds produced thereon, is caused to vibrate in sym- 
pathy therewith, thereby imparting an upward movement to the 
circuit breaker at each vibration, and disconnecting it from the 
plates, C C, and alternately breaking and closing the circuit, 
when the intermittent current alternately magnetizes and de- 
magnetizes the magnet, G,” etc. 

The examiner of interferences says: ‘There cannot be the 
shadow of a doubt but that he claimed to have invented an 
instrument which should operate to transmit articulate speech 
by opening and closing, or, as he says, ‘breaking and closing,’ 
an electric circuit. It is the judgment of all the experts 
examined in this case, as well as of the office, that articulate 
speech cannot be transmitted by such an instrument. Had a 
patent been granted upon this application as it stands, it would 
undoubtedly be void as for an inoperative device. 

“ As opposed to this proposition, what do we find tending to 
establish the contrary? Only the testimony of three or four 
witnesses that they recognized the words of some familiar 
tunes, and the allegation contained in the application that a 
device constructed as described will transmit and reproduce 
articulate speech. This, it is submitted, is not sufficient proof 
of the fact; the only inference that can be drawn from the 
record is that the witnesses are either mistaken or he operated 
the device in a manner different from that set forth in his appli- 
cation, and unknown to him. 
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“ But thèse are not the only circumstances from which such a 
conclusion can be drawn. He describes in his application an 
alternative form of transmitter, which must be presumed to 
operate upon the same principle and with the same results as 
the oneillustrated. Jt ts the instrument made in May, 1875, with 
which they could ‘recognize tunes, but no words,’ and is thus 
‘described: ‘I do not limit myself to the construction and 
arrangement of the circuit breaker, D’, as shown and described, 
as other means may be employed, as, for example, only one of 
the plates, C, may be attached to the membrane and the other 
made either in the form of a plate or needle and attached 
directly to the connecting wire, and adjusted to rest upon the 
plate so as to break the connection by the vibration of the membrane, 
which will accomplish the same result.’ 

“The only instrument that he testifies to having tried was 
that of May, 1875, which he knew would not transmit articulate 
speech, or at least never had, yet he says it will do it as well as 
his latest instrument. This would seem to furnish conclusive 
evidence that he was seeking to patent an instrument which, 
while he may have assumed it to be theoretically sufficient, he 
had demonstrated to be practically inoperative, and outweighs 
any evidence produced tending to prove that the instrument of 
June, 1875, did operate to transmit words. 

‘Three claims were filed with the application, as follows: 

64. The combination with the battery, circuit wires, magnet, 
armature, and circuit breaker of the transmitting membrane, A, 
and receiving membrane, F, substantially as and for the purpose 
specified. 

“¢2. The combination with the plates, C C, of the circuŭ 
breaker, D', whereby the circuit is alternately opened and closed 
by the vibrations of the membrane, A, substantially as specified. 

“¢3. The combination of the bolt, D, and adjusting nut, 1", of 
the circuit breaker, D’, substantially as and for the purpose 
specified.’ 

“ When the application came up for examination in the 
patent office on the 28th of April, 1876, the claims were rejected 
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because, in the opinion of the examiner, the transmitter was 
substantially anticipated by the Reis telephone. 

“ Nothing further was done, either with respect to the alleged 
invention or application, until March 4, 1878, when he filed an 
amendment, wherein he sought to introduce what was clearly 
new matter, and was so decided by the examiner, at the same 
time erasing all of the claims and substituting the following re- 
stricted claim: ‘The combination with the membrane, A, plates 
C C, the circuit breaker, D’, of the bolt, D, and adjusting nut, E, 
for confining the vibrations of the membrane against the circuit 
breaker, substantially as specified.’ 

“Between the rejection of April 28, 1876, and the amend- 
ment filed March 4, 1873, not a thing was done toward pros- 
ecuting, perfecting, introducing or even claiming the alleged 
invention, although, as shown by the numerous publications in 
evidence, the speaking telephone was being largely introduced 
and heralded throughout the world as a new discovery. 

“ Perhaps it would be incorrect to say that nothing was done 
during this interval, for McDonough says that in 1876 or 1877, 
from the book in which the sketch of August 26, 1871, is 
found, he ‘copied what I thought worth preserving into another 
book, and threw this aside as no value,’ and it does not appear 
that this sketch was included among those he thought worth 
preserving.” b 

In March, 1878, McDonough was put in interference in the 
patent office—not on any broad claim to the electric speaking 
telephone—but as defined by the examiner of interferences, it 
turns upon the construction of a receiver alone, though its con- 
structor had neither invented nor possessed a speaking telephone. 
He awarded this to McDonough. That decision has been ap- 


pealed from, and the appeal has been argued and is now held 
under advisement. | 


THE DRAWBAUGH CLAIMS. 


If there be any truth in the favorite Southern maxim, that 
“the longest pole brings down the persimmons,” Daniel Draw- 
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baugh, of Eberly’s Mill, stands the best chance of winning the 
prize, for of all the claimants who have entered the field, none 
has brought so long a pole as he. While Gray and Voelker 
were claiming the stem, McDonough the pucker, Dolbear the 
rind and Edison the improved flavor, Drawbaugh was calmly 
and patiently waiting for the fruit to fully ripen and then claim 
the whole persimmon—stem, pucker, rind, flavor and all! 
Although it was more than four years after Bell's first patent 
was granted ; more than four years after his invention had electri- 
fied the world by its exhibition at the centennial; and more 
than a year since the greatest telegraph corporation in existence 
had been advised by its counsel that it must cease infringing 
Bell’s patents, before Daniel Drawbaugh, of Eberly’s Mill, first 
“put in an appearance” as a claimant, yet when he did appear 
it was with no feeble and uncertain claim of having discovered 
some part of Bell’s invention, but as the inventor of the whole 
of it, including even the subsequent improvements of Peirce, 
Edison and Blake! Hisadvent was heralded by the following 
glowing proclamation, which appeared in the Cincinnati “ Com- 
mercial” of July 22, 1880: “Telephone Combination. Washing- 
ton, D. C., July 21. An application for a patent was filed to-day 
that in consequence of its vastness of interest, as well as wealth 
of prospect, renders it a subject of national interest. A com- 
pany of leading business men has been forme. that has bought 
up all the telephone patents antedating those now in use, and 
known as the Bell, Gray, and Edison patents. The company is 
composed of leading business men from all parts of the country, 
Cincinnati being largely represented and interested. The cash 
capital of the company is $5,000,000, with headquarters in New 
York, and in about sixty davs thev will open the telephone, 
which will certainly result in the driving out of all telephones 
in the market, save the ones they hold, or else the compelling 
of the Gray, Bell, and Edison lines to pay the new companv a 
munificent royalty. It appears frorn the testimony now on file 
and in the possession of the new company, which is conclusive 
and exhaustive, that the inventor of the telephone is a poor 
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mechanic, living near Harrisburg, Pa., named Daniel Draw- 
baugh. Owing to his poverty, he was unable to push his patent 
on the market. The new company have secured and are sole 
possessors of this invention, antedating those now in use. They 
are also owners of four patents for telephones issued to Mr. 
Klemm, of New York. A large number of capitalists were 
here to-day to see the filing of the application, and they assert, 
with a positiveness which is almost convincing, that it will not 
be long till they have entire charge of the telephones, not only 
in this country, but in the world, and that they will be able to 
establish lines by which messages can be transmitted for almost 
a song.” 


A PICKWICKIAN EPISODE, 


When Sam Weller was reading his celebrated “ walentine ” 
to his father, and had got along to— 

“: Feel myself ashamed, and completely cir——’ I forget 
what this here word is,” said Sam, scratching his head with the 
pen, in vain attempts to remember. 

“ Why don’t you look at it, then?” inquired Mr. Weller. 

“So I am a lookin’ at it,” replied Sam, “ but there’s another 
blot. Here’s a ‘c, and a ‘i,’ and a ‘d.’” 

“ Circumwented, p'r'aps,” suggested Mr. Weller. 

“ No, it ain’t that,” said Sam; “ circumscribed ; that’s it.” 

“That ain’t as good a word as circumwented, Sammy,” said 
Mr. Weller, gravely. | 

“Think not?” said Sam. 

“ Nothin’ like it,” replied his father. 

“But don’t you think it means more?” inquired Sam. 

“ Vell, p'r'aps it is amore tenderer word,” said Mr. Weiler, after 
a few moments’ reflection. 

But, although Mr. Samuel Weller, of the George and Vul- 
ture, felt “ himself ashamed, and completely circumscribed ” in 
addressing himself to the conquest of a sweetheart, Mr. Daniel 
Drawbaugh, of Eberly’s Mill, evidently did not feel himself 
either ashamed, or in the least circumscribed, in addressing him- 
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self to the conquest of Bell’s speaking telephone. Whether the 
elderly Weller’s word, if less “ tenderer,” would not more accu- 
rately characterize the methods by which this latter conquest 
was to be effected, can be best determined after an examination 
of the facts. 


DESCRIPTION OF DRAWBAUGH’S ALLEGED TELEPHONIC 
i INVENTIONS. 


The foliowing particulars are condensed from an illustrated 
article published in the “ Graphic,” of January 21, 1884. We 
omit the illustrations, as the instruments are so similar to those 
of Bell, Edison and Blake as to render them unnecessary : 

“ Drawbaugh’s early transmitter, made in 1866, is made of an 
ordinary china tea cup, with a piece of flexible material like 
membrane stretched over the top. A metal rod extends down 
from the membrane and has at its lower end a plate, which rests 
on a mass of powdered material, under which again is another 
metal plate. The current from an electric battery enters by the 
Wire, passes to the lower plate, then through the powdered sub- 
stance, then to the upper plate and the rod, and finally to the 
line wire. For the powdered material many substances were 
used, but ultimately he fixed on plumbago, pulverized charcoal 
and other forms of carbon as giving the best result. The instru- 
ment is operated by speaking before the membrane. ‘This in 
vibrating produces variations in pressure on the carbon powder, 
and the current passing through the powder is then modified in 
accordance with these variations.” 

Drawbaugh’s early receiver, made also in 1866, is composed 
of “an old mustard can made of tin, and fastened on its side 
to a board, and an electro magnet, consisting of a coil of insu- 
lated wire wrapped around a bent piece of iron. In front of 
the coil is the armature, supported on a spring. A string from 
this armature led to a membrane, which was stretched across 
the end of the can. 

“It is one of the most singular facts in the history of Draw- 
baugh’s progress with the telephone, that he simultaneously 
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maintained two distinct lines of invention. The receiver ubove 
described is substantially the same in form, and identically the sume 
tn principle and mode of operation, as the apparatus which Bell con- 
structel, On the other hand, the transmitter operates on a different 
and converse principle, and works exactly the same as the apparatus 
which Elison and Huyhes disputed over when they brought it out 
tn 1878—when wt was hailed as a new and wonderful diszovery | 

“During the following year, 1867, or in the beginning of 
1868, Drawbaugh improved his apparatus,” as follows: The trans- 
mitter “is made out of a jelly tumbler. It has a wooden mouth 
piece, which every one will recognize as similar to that on the re- 
ceiver in common use, and the carbon powder, instead of resting 
ona plate in the bottom of the vessel, is supported in a suspended 
tray. This identical apparatus, though not in complete form, 
still exists. The receiver was modified by the suppression of the 
string and the direct attachment of the armature plate to the 
membrane. It is identical in all essential particulars of form 
with one of the instruments which Bell exhibited at the centen- 
nial nine years later. This instrument also, in incomplete con- 
dition, still exists. In 1870 Drawbaugh had found out that the 
telephone could be made to operate without a battery. He dis- 
covered that the battery served no purpose except to convert 
the iron core within the coil of his receiver into a magnet, and 
this might as well be done once for all by putting in a perma- 
nently magnetized core. He found also that a plate metal dia- 
phragm was better than one of membrane. 

“ The apparatus consists of a permanent horseshoe magnet, 
fastened with its poles in contact with the core of the electro 
magnets, thus permanently magnetizing these cores. The mouth 
piece is a cylindrical box, held in a support and having a plate 
diaphragm, to which the armature is fastened. This instrument 
transmits and receives speech equally well without a battery, 
and is nearly identical in construction with the telephone patented to 
Bell in January, 1877, and the same tn all important particulars. 

“ The form of this instrument, still in existence in incomplete 
form, is large and cumbrous, and within a year Drawbaugh had 
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improved it very materially, producing an apparatus in which, 
instead of leaving the diaphragm exposed on one side, he en- 
closed it and all the working parts of the instrument in a cylin- 
drical box about five inches in diameter. He made the whole 
diaphragm out of very thin iron plate and reduced the size and 
shape of the permanent magnets. This instrument also exists 
in incomplete form. 

“The efforts of the inventor for the next two years seem 
mainly, so far as the magneto telephone is concerned, to have 
been directed to reducing the size of the instrument and render- 
ing it more compact in arrangement and delicate in adjust- 
ment. In 1873 or the beginning of 1874 he produced a re- 
ceiver intended for use with a battery, as it has no permanent 
magnet. It is of flat cylindrical shape, about five inches in 
diameter, and contains means of adjusting the electro magnet 
with nicety. It has frequently been used on telephone lines 
within the last two years. Thus, nearly three years before Bell 
had produced his instrument Drawbaugh had completed a tele- 
phone which could to-day be successfully used anywhere. 

“In January of 1875, Drawbaugh reached a form for his 
magnet instrument which seems to be as compact as that device 
can be made. He made two instruments, each about three 
inches in diameter by an inch and a half thick, and each is for 
all practical purposes identically the telephonic receiving instrument 
mow in common use. Instead of a bar magnet, which is used in 
the ordinary so-called Bell instrument, Drawbaugh has a mag- 
net curled flatly against the back of the case, and he has an ad- 
justable core which Bell does not use. It is small, compact and 
in every respect an excellent working instrument, which could 
to-day successfully compete, if the market were open, with any 
known form of telephone of its class. 

“ Having thus reduced his magneto telephone in point of size 
and compactness to the smallest and most convenient form, 
Drawbaugh turned his attention more particularly to his carbon 
instrument, in which in the meanwhile he had made numerous 
important improvements, and finally, early in 1876, he produced 
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an exceedingly compact device wherein a plate diaphragm is 
used, and instead of loose carbon powder, blocks of hard gas 
carbon held normally in contact by spring pressure are em- 
ployed. This is an exceedingly sensitive transmitting apparatus, 
and in its essential features still exists. 

“ Finding out, however, that there was no very material ad- 
vantage to be gained in making a transmitter of light and port- 
able form—as it could as well be fastened to a wall instead of 
being movable—Drawbaugh made another apparatus which he 
had completed and in practical use before August of 1876. 
This instrument is in every essential particular and almost iden- 
tically in form the so-called Blake transmitter, now in common 
use. The carbons are held together by spring pressure, and the 
instrument contains the induction coil. It exists in perfectly 
operative condition and is sensitive toa remarkable degree. It 
has recently transmitted speech uttered in an ordinary tone 
twenty-three feet away from it. This was the transmitter 
which Drawbaugh had in actual practical operation when Bell 
exhibited his crude contrivances at the centennial, and when 
the distinguished scientists who witnessed his trials pronounced 
them a marvel of the age. The transmitter of the present day 
in almost identical form—and the identical receiver—were there 
in Eberly’s Mill, transmitting speech whenever Drawbauch 
used them or showed them to his neizhbors, and doing it as well 
as the instruments at this moment in use in this city and through- 
out the country. 

“The reader who has followed this recital may well stop here 
and demand the proof of assertions so sweeping and startling. 
All of the proof stands filed as sworn evidence in the United 
States Cireuit Court for the Southern District of New York, 
and the foregoing article, where it is not based directly upon 
that evidence, is founded upon actual trials conducted under the 
most severe conditions by expert electricians of the identical 
instruments made by Drawbaugh, or of instruments whereon 
the missing parts of those still existing in incomplete form are 
supplied in accordance with his sworn testimony.” 
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THE BAD BOY'S STORY. 


Everybody knows how the Harvard professor explained the 
bad boy’s impossible story, and Dickerson, who also has a blunt 
way of telling disagreeable truths, explains Drawbaugh’s story 
in the same manner. ‘There has sometimes arisen a question as 
to whether there was any difference between a discovery and an 
invention, which would receive an additional illustration, as 
showing that both terms are sometimes applicable to the same 
thing, if Dickerson’s solution of the Drawbaugh problem should 
prove to be true; for in that case Drawbaugh would be shown 
to have invented a Munchausen tale and Dickerson to have dis- 
covered it. It would beso much easier to copy Bell’s, Edison’s, 
and Blake's apparatus than to invent them, that nothing but the 
most implicit faith in the honesty and integrity of Drawbaugh, 
and in the intelligence and veracity of the witnesses who corrob- 
orate his statements could make them believed. But at the same 
time, those who do believe that Drawbaugh, like Washington, 
“could not tell a lie,” would not doubt his statement, even if he 
were to assert that he invented these telephones not only ten 
years before Bell did, but ten years before Bell was born. Now, 
these inventions do not surprise us in the least. The only thing 
we are surprised at is that he did not invent more while he was 
about it, Why did he not, for example, invent the Ader, Pol- 
lard and Crossly telephones which are now so popular in 
Europe? It cannot, of course, be owing to the fact that hitherto 
descriptions of these instruments have not been accessible in 
English, or because the inventors are French, for a genius of 
his grade must naturally be familiar with all languages; and as 
to the nationality of the inventors, we take it that he would 
not stand upon any more ceremony about anticipating a party 
of Frenchmen a dozen years or so in the discovery or im- 
provement of a great invention, than he did in the case of 

Bell, Edison and Blake, who were allowed to spend so many 
tedious years in the discovery and development of this great 
invention, when he had it “on hand, ready made,” all the while 
at Eberly’s Mill! 
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Perhaps Drawbaugh has invented these new telephones, how- 
ever, and is waiting, as he did in the case of Bell, until tnere is 
a demand for them, before bringing tliem out. 

When Barnum had shown Clark the wonders of his museum, 
the latter inquired with much interest if he could show him the 
club that Capt. Cook was killed with, which, of course, Barnum 
promptly produced. With a gleam of delight Clark gazed 
upon the sacred relic and enthusiastically exclaimed, “I was 
sure vou had it. I never visited a museum so well organized 
as yours that was without it.” Now no inventor, so thor- 
oughly organized as Drawbaugh, ought ever to be without a 
good supply of all the latest telephonic inventions, of his own 
discovery, ready for any call. We suppose it would be asking 
too much to suggest that he invent a telephone, by way of a 
novelty, which nobody else had invented. It would be amaz- 
ingly odd, though! 


GREAT ANTIQUITY OF DRAWBAUGH'S INVENTIONS. 


In the olden times, every event of any great importance was 
always authentically established as occurring at or about the be- 
ginning of the world, or intimately associated therewith; and 
great families often had an equally remote origin. Thus it is 
related that a distinguished member of the Weed family in 
America traced his pedigree back to the oldest Weeds in Eng- 
land, and from them to the Counts de Grass, of France, and 
thence in a direct line to Nebuchadnezzar, who went out to 
grass. Now, inthe same manner the celebrated Daniel Draw- 
baugh, of Eberly’s Mill, traces his inventions back, not only to 
the beginning, but long before the beginning, of the telephonic 
world. He made the first telephone eight years before Bell had 
conceived of it even, and employed in his transmitter, in 1866, 
the principle of the varying pressure of carbon to produce 
changes in the strength of current—a principle which was not 
discovered until 1878, seven years afterward, and which Elison, 
who was the first to use it for any purpose, did not employ in 
the construction of his famous carbon transmitter until 1877, 
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four years later still. Drawbaugh was also so lavish and fruit- 
ful in his inventions that in 1867, he even took the trouble to 
invent the very mouth piece invented ten years afterward by 
Prof. Peirce, of Brown University (see fig. 60, page 103), and, 
moreover, made it in exactly the same form—as near like it, in 
fact, as Drawbaugh could have made it if he had copied the very 
apparatus itself. If Prof. Peirce had only known that Draw- 
baugh was going to antedate him in this device by a whole 
decade, he doubtless would have felt less sensitive about Bell’s 
stinted acknowledgment in his London lecture! But there is 
nothing stingy, mean or “ narrer contracted” about Drawbaugh. 
When he makes an invention, he makes the whole of it De 
doesn’t call on Professors Henry, Blake, Channing, Peirce, or 
any other distinguished scientist for advice and assistance in 
surmounting the difficultiesin his path, but goes it alone, asking 
no odds of anybody ! 

There is another strong contrast between the methods of the 
slow plodding Bell and Edison and thie brilliant genius of 
Drawbaugh. The former create their great works by the slow 
and tedious process of evolution. Thus it was four years from 
Bell’s discovery of the telephone in 1874, with its membrane 
diaphragm and hinged armature, working entirely by induction, 
and capable of talking only in the feeblest of tones, to the com- 
pletion of the instrument with its carbon transmitter energized 
by a voltaic battery and capable of being audibly heard by a 
whole congregation; but Drawbaugh does not employ any such 
slow coach arrangements. When he wants a thing he invents 
it out of hand and off hand, like a genie of the Arabian 
Nights. 


FACTS INCONSISTENT WITH DRAWBAUGHS PRETENSIONS. 


But we regret to say there is another side to this picture. It 
must be confessed that the facts in Drawbaugh’s history are in- 
consistent with the pretensions put forth in his behalf. When we 
are groping in the dark with little more than the feeble light 
which comes from the memory of Pennsylvania farmers and 
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farın laborers to find the history of this man and of his work for 
fifteen years before 1880, we meet the facts, admitted at the out- 
sct, that the alleged possessor of this most wonderful invention 
of our generation produced instruments which for some reason 
or other never excited in the breasts of any of the hundred per- 
sons who knew of them the desire to possess them and apply 
them to use; that, for some reason or other, though more than 
a hundred people knew what he had done, and knowledge of what 
he had done “ was freely communicated to the public,” yet no 
knowledze derive. from him ever led the community to make 
or use speaking telephones; but the world waited for this until 
Mr. Bell appeared, and then seized upon them with an avidity 
at once remarkable and natural. We have the further fact that 
this man, having been an inventor and patentee from his youth 
upward, having taken out a dozen patents before 1876, never 
filed an application or caveat for this. 

There is one cause which would account for this condition of 
facts, and that is, that his instruments, if he had any, were not 
of a good enough character to excite anybody’s desire, or to 
make him think they were fit to patent. 

Excuses for Iis Fuilure—The Drawbaugh party have felt the 
great weight of this consideration, and they have sought to meet 
it by the statement that Drawbaugh, for more than ten years 
prior to the ycar 1880, was miserably poor, in debt, with a large 
and helpless family dependent upon his daily labor for support, 
and was, from such canse and his utter want of proper mechani- 
cal tools, materials, and appliances to conduct such work, ut- 
_ terly unable to patent or caveat his invention or manufacture 
and introduce it upon the market, and that the reason why other 
persons, who had full knowledge of his invention, refrained 
from making and using it, was because of their conscientious, 
scrupulous regard during all these years for his supposed equi- 
table rights, though he neither patented it nor took any steps 
toward that end. 

There is something in the invention given to the world by 
Mr. Bel and those around him which makes other persons ex- 
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tremely desirous to use it in spite of Mr. Bell’s patents, if they 
only think they can escape the strong arm of the law. A scru- 
pulous tenderness of conscience of all the hundred persons 
who knew of Mr. Drawbaugh’s invention was, however, quite 
sufficient to prevent them from using anything which they 
found in his instruments, though he had never patented them. 

The Drawbaugh party produced some instruments, and a 
number of their witnesses testified that at Drawbaugh’s shop on 
various occasions, the dates of which they stated or attempted 
to fix as before the summer of 1876, they heard speech trans- 
mitted by them. 

The instruments named are: F and B.—F is made of a broken 
glass tumbler, and B of an old tin can, once used as a paint pot 
and smeared with green paint, attached to a piece of board. C 
and I.—C is made of a rough board, and bears every mark of 
being a rude and temporary instrument. Some of its most es- 
sential parts no longer exist. I, when produced and sworn to 
by the first witnesses called, consisted of a box roughly turned 
out of black walnut, about four inches in diameter and about 
four inches deep. The interior works, consisting of diaphragm. 
and magnets, have been added while the testimony has been in 
progress. The diaphragm is new, and supplied from recollee- 
tion. The magnet is alleged to be old. It is said to have been 
found in the garret some time after the defendants had pro- 
duced the instrument in that cause. A is a highly organized 
magneto receiver, with a neutral magnet. ‘The case is of black 
walnut, niccly turned, and furnished with screw cups to attach 
the line wires to. D and E area pair of magneto instruments 
with permanent magnets. They are highly orzanize:!, enclosed 
in turned black walnut cases, and with most of the refined im- 
provements of detail found in the best commercial instruments 
of to-day, though they are rather feeble. 

It is alleged that F and B were made and used about 1867-8 
and since. That Cand I were made and used about 1869-70, 
and since. Drawbaugh attempts to fix the date by an associa- 
tion of memory with the painting of a certain wagon, which they 


498 THE SPEAKING TELEPHONE. 


attempt to show was in the spring of 1870. A is alleged to 
have been made about November, 1874; a witness, Smith, says 
that he saw Drawbaugh making it then. A witness, U. R. 
Nichols, alleges that he visited Drawbaugh in January, 1875, 
saw A, and was told by Drawbaugh that he had it about sixty 
days. D and E are alleged to have been made in the spring of 
1875. 

Alleged Capacity of the Alleged Instruments.—Drawbaugh testi- 
fies that he made C before the spring of 1870, and made F and 
B “two or three years before that.” Of the capacity of F and 
B he was asked: “ During that time and before you made ‘C, 
what results had you been able to get with the instruments ‘ B 
and F’ ?” and replied: “ Sufficiently good to be heard distinctly ; 
there were even words that were whispered. You couldn't just 
hear the words exactly, but could hear the whispering. I did 
that often; spoken words you could hear the whole sentences— 
I mean words spoken out loud and not whispering many. I 
would have persons in the cellar reading printed matter—some 
advertisement or something—and I could hear the words that 
were read; and at other times I would go down into the cellar 
and read something, and coming up they would repeat to me 
the words that I read.” 

That is an assertion of instruments abundantly fit for com- 
mercial use, and so perfectly reliable that they would produce 
these results habitually without trouble when the transmitter 
“F” was put into the hands of any chance comer, and Draw- 
baugh was at the other end of the line listening. 

One witness, Samuel Snell, reports that he heard good speech 
at “B” in the summer of 1867. Noman except Drawbaugh 
swears to reading through them. Drawbaugh testifies that the 
results with F and C were still better; that C and I gave better 
results than I and C; “much more satisfactory—louder—en- 
tirely better.” Under examination by his own counsel he tes- 
tified : 

‘Were the instruments ‘C’ and ‘I’ an improvement in re- 
spect to loudness ? 
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“Yes, sir; loudness and plainness, too. 

“Were they an improvement or not in respect to adjust- 
ment ? | 

“ Yes, sir.” 

He says that “A” was rather better ; it apparently should be; 
and that D and E were better than either. Moreover, C and I 
and D and E, formed couples of magneto instruments which in 
their nature, if able to talk at all, would talk both ways and 
need no battery nor nice adjustment. If they talked at all they 
would be always ready. 

This, then, is their story which they ask the court.to believe: 
that F and B were practical instruments fit to be operated by 
any one, transmitting conversation and newspaper extracts in a 
perfectly intelligible manner; that this point was reached in 
1867-8-9, and that every succeeding set of instruments was an 
improvement on this first set. 

They have produced about forty witnesses who swear that 
they heard perfectly clear, distinct, and intelligible speech 
through these various instruments before the summer of 1876, 
hearing and understanding all that was said. Half of these 
witnesses swear to such results with F and B. Their proof 
(whatever it may be worth) is stronger for F and B than for 
any other couple. About a dozen assert that they got these 
results with F and B before 1872. More than twenty assert 
such results from F and B, and one other instrument (most of 
them with F and B), before midsummer, 1878. Twenty-eight 
out of the forty assert such results before midsummer, 1874. 
Not far from seventy-five more witnesses assert that they saw 
these instruments at various times before the summer of 1876. 
Most of them swear to “F” and “ B,” and at dates distributed 
substantially like those given by the persons who say they heard. 
This is their story. If their proofs are worth anything they 
prove all this. Itis all true, or none of it is It all rests on 
recollections—word of mouth. Compare it with the certain 
facts of Drawbaugh's history, drawn from the depositions of 
himself and his own witnesses, and from contemporaneous writ- 
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ings. Weare to begin with the facts, that he never prepared or 
filed a caveat or application until 1880; that he never put any 
telephone to any practical use; that no one ever obtained one 
from him for use, nor tried to; that the community acquired its 
telephones from Mr. Bell, and not by reason of any information 
drawn from Drawbaugh; and that the moment Mr. Bell com- 
municated the information he had, the public seized upon it ‘with 
avidity. Weare to take along with it the fucts that Drawbaugh 
lived within three miles of Harrisburg ; was known and favored 
as an inventor of various contrivances; a patentee many times 
as to other matters; advertised before Mr. Bell’s patent as the 
inventor of telegraph apparatus and the constructor of other 
electrical machines—but not of telephones; and possessed of the 
means and resources actual and potential, now to be mentioned: 

Drawbaugh’s Inventions and Dates of Patents.—Stave jointer, 
November 11, 1851; stave machine, May 22, 18355; improve- 
ment in mill stones, April 28, 1853; mill tram, May 12, 1863; 
nail plate feeder, December 12, 1865; faucets, November 20, 
1866; faucets, November 20, 1866; nail plate feeders, Novem- 
ber 19, 1867; improvement in magnetic clocks, applied for May, 
(1878; improvement in carth batteries for magnetic clocks, 
applied for May, 1878. 

Draubaugh's Finances. —When asked: “ What is the actual 
cost of procuring an ordinary patent, including attorney fees?” 
Drawbaugh answered: “I have paid as high as sixty-five or 
seventy dollars.” He held himself out, and advertised himself 
in print, as a solicitor of patents. 

His specific cash reccipts—that is, the actual cash which came 
into his hands—as specifically admitted by him, from 1867 to 
1876, nine years, was $10,612.91. This was merely the cash 
which came into his hands from specific property sold or rented, 
from one loan of $400, and about one year’s wages. In addition 
to this was all he earned for about five years’ work as a 
_jobbing machinist. He owned his house, and had to pay interest 
only on an incumbrance of about $300 for part of the time. It 
was worth $2,300. He had the use of a power driven machine 
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shop rent free. These receipts appear from Drawbaugh’s tes- 
timony and the papers put into the case. Drawbaugh under- 
took to meet this by very elaborately showing that he had spent 
the money—and so he did, but not on telephones. He bought 
himself a house; he furnished it; he provided himself with a 
parlor organ; he paid into the Drawbaugh Manufacturing Co., 
of which he was a member, $1,200 in cash toward its ¢apital, 
and also paid in about $1,000 of his wages, which we have not 
reckoned among his receipts. But this created property which 
gave him some borrowing power; he gave his father $1,400; he 
spent a good deal of his time in constructing instruments and 
machinery which he had devised for other purposes; he made 
before 1878, at his own cost and charge, several large and hand- 
some electric clocks ; one of them was in a carved black walnut 
case six feet high; one of them, less expensive than the rest and 
less elaborate, was made before April, 1876. 

The best proof of his resources in the way of tools and ma- 
chinery suitable for the construction of small electrical machines 
is found in his advertising bill head, viz.: ‘“ Bought of Daniel 
Drawbaugh, practical machinist. Small machinery, patent ofice 
models, electric machines, elc., a specialty.” 

It was expressly admitted thit model making was one of his 
occupations. He did a great deal of jobbing work. Ie givesa 
list of so much of the machinery as he could remember off hand, 
and it includes two bench vises, tools of a hind lathe, general 
tools for a drill press or drilling machine, and general wood 
working tools, five engine lathes, two small or hand lathes, a 
machine for drilling faucets, a drill press, a grindstone, and a 
wood turning lathe. All this he owned or had the use of. 

Readiness with which money was obtained from his friends for 
the inventions of himself and vthers, as shown by the amount actually 
raised and expended in Drawbaugh's shop: 

In 1863-1572 he invented and built a nail plate feeder, for 
which he received several hundred dollars, largely in supplies, 
from Eberly, a mill owner. 

In 1865-6, he got up a measuring faucet for molasses. It was 
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invented at the request of the local store keeper, Crull, who, fora 
half interest, agreed to pay all expenses, including Drawbaugh’'s 
time and labor. Then Drawbaugh sold the other half to Gard- 
ner, who also bought Crull’s interest under the contract, and con- 
tinued to pay expenses. Gardner agreed to pay Drawbaugh 
$1,000 for this half, and gave him a note for it in April, 1867. 
Afterward Drawbaugh indorsed the note and got it discounted 
April, 1869. The patents were dated November 20, 1866. 

The invention covered by them was really a kind of chambered 
rotary pump. Drawbaugh had sold to Crull & Gardner the right 
to use it for measuring ; he now sold to another concern the right 
to use it for pumps. This concern was organized as an associa- 
tion in 1867, known as the Drawbaugh Pump Company. It 
soon bought the faucet right, and in 1870 was reorganized as a 
corporation under the name of the “ Drawbaugh Manufacturing 
Company.” It paid him $6,000 for the patent, and raised not 
far from $20,000 more in cash, with which it fitted up and 
stocked the machine shop, of which they made him master me- 
chanic, and which he has since occupied rent free. Drawbaugh 
owned from one sixth to one ninthof it This appears from the 
depositions of John B. Drawbaugh, who states the story suc- 
einctly, and of W. L. Gorgas, the treasurer, and of D. Draw- 
baugh. John B. Drawbauch, brother and next door neighbor 
of the claimant, says: “ Daniel sold the right of the faucet to a 
company by the name of Gardner & Crull for $1,000, for which 
he took Mr. Gardner's paper with Jacob Coover’s name as 
security. Then Daniel turned the faucet into a pump, or rather 
made a pump on the same principle as the faucet; on that they 
formed a company in the names of Mr. Gorgas, Musser, Hursh 
and others. They were to pay him a consideration of $6.00, as 
I have heard; that company established a machine shop at 
Eberly’s Mill, which some of the company told me cost them 
from $20,000 to $25,000; after manufacturing the pump for 
about one year they found the pump to be a failure; the pump 
company then purchased the Drawbaugh rotary molasses faucet 
from Mr. Gardner and others.” 
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In July, 1878, D. A. and S. F. Hauck raised $7,000 in cash 
and paid it to the “ Drawbaugh Manufacturing Co” for the 
Drawbaugh faucet patents and machinery. A concern called 
the Millbush Co. was formed about 18€8 upon the invention of 
a neighbor, and raised and expended about $1,500 cash in ma- 
chinery constructed at the shop according to Drawbaugh’'s de- 
signs and under his supervision. The axle company, formed 
early in 1875, upon the invention of another neighbor, had their 
work done at Drawbaugh’s shop by Drawbaugh personally, and 
he designed and constructed special tools for them. They also 
purchased at least $1,000 worth of new machinery, and paid 
Drawbaugh about $425 for services in the course of a year. They 
raised and used at least $1,500. The clock company, got up in 
1878, paid Drawbaugh $500 in cash; were to give him part of 
the profit; and bought more machinery. They put in about 
$1,000. 

Thus, in nine years before the date of Mr. Bell's patents, 
Drawbaugh’s friends raised and invested nearly $35,000 in his 
machine shop on the faith of his inventions and his skill as a 
designer. Yet he would have us believe, that during this time he 
could not find $15 for a caveat to cover the greatest invention of 
modern times, embodied in instruments which he had made, and 
could make in a day, at a cost of a dollar or two. 

The Drawbaugh Pump Company at least was anxious to de- 
vote their capital and machinery to exploit some other invention 
of Drawbaugh’s, if they could find one. In 1869 they proposed 
to manufacture his improved gas governor. They had a special 
meeting at the shop. He constructed a new one on purpose to 
exhibit. He fitted up a contrivance to make gas, and run a pipe 
from his forge into the second story of the machine shop, and 
arranged one or more burners. They did not take it up, but. 
not for want of faith in him, for their next proposition was that 
he should invent screw machinery—as if he then had no inven- 
tions worth touching, This story is told by Drawbaugh. 

Drawbaugh testified: “I made the second (gas governor) 
more complete, in order to show it to the Drawbaugh Pump 
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Company for tne purpose of illustrating it to them, for the pur- 
pose of getting them to take an interest in it. There were sume 
Inquiries made about the machine, and it was found that the gas 
company would not allow it to be attached to the meter. I guess 
for that reason there was nothing done. They didn’t take an 
interest in it.” 

The minutes of the Drawbaugh Pump Company contain tlie 
following: January 29, 1869. “ Daniel Drawbaugh agreed to 
give liis gas governor that he is now preparing to secure a patent 
for, to the company, for the company’s use anl benefit, the con- 
ditions to be agreed upon hereafter.” March 26, 1869. “On 
motion of Henry S. Rupp and Daniel Drawbaugh, it was agreed 
that Daniel Drawbaugh shall, as speedily as possible, not to in- 
terfere with other necessary work, get up and make a screw 
machine for the use of the shop and its benefit.” 

A year later the association reorganized as a corporation, with 
a capital of $20,000. Its purpose is stated in its bill head of 
1870, to be the manufacture of ‘‘Drawbaugh’s rotary power 
pump, for mining and factory use; Drawbaughi’s self measuring 
faucet, for drawing and measuring molasses, honey, tar, and all 
viscid liquids. Also stave cutters, stave jointers, mill trams, 
hydraulic rams, ete. All kinds of job work and building of 
special machinery solicited and attended to promptly.” 

Drawbaugh was the master mechanic it employed to design 
all special machinery. It sent him to the State fairs of 1863 and 
1869 to exhibit the machinery he had invented and it manu- 
facture]. In 1874-5-6 he told various people that he proposed 
to exhibit an electric clock at the centennial. But he neither 
exhibited nor undertook to exhibit a talking machine Will 
:nybody believe that in 1863-9, and from that time forward, le 
had “full sized operative practical speaking telephones,” and 
that work upon them was the absorbing occupation of his life? 

The list of inventions printed and published by Drawbaugh in 
1874 does not contain the telephone. 

In June, 1874, Drawbaugh published acard, of which the fol- 
lowing is a photo-electrotype copy : 
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Demie Drawbangh.| 
INVENTOR, DESIGNER 


FOLLCILOR PATENTS! 


Ee Also Models Neatly Made To Order. 


Eberiy’s Mills, 
Cumberland County, Pennsylvania, 
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In the above list of inventions, which are called “ patents,” it 
will be seen by comparison with the list of his patented inven- 


patented, so that the list was not restricted to patented inven- 
It was an announcement of works on which his title to 


tions, that only part of them (not more than seven) had been 
tions. 


advertise himself as an “inventor” was to rest. Jt does not 


mention the telephone. 


This published list is a conclusive proof 
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which no ingenuity can explain away that he did not have 
“good full sized practical working speaking telephones” in 
1874. 

In 1876, or earlier, came his advertising bill head. ‘ Daniel 
Drawbaugh, Practical Machinist. Small machinery, patent office 
models, electric machines, etc., a specialty.” And before and after 
1876 were the other publications quoted, none of which asserted 
that he was the first inventor of the telephone. 

The Drawbaugh answer admits that he made no use of tele- 
phones beyond experimental use; that the public never trans- 
mitted speech by reason of any information derived from him, 
and that he filed no caveat nor application until he was pro- 
duced by others as a defence in 1880. It attempts to account 
for this state of facts only on two grounds: First, that Draw- 
baugh for more than ten years prior to the year 1880, was 
miserably poor, in debt, with a large and helpless family de- 
pendent upon his daily labor for support, and was, from such 
cause alone, utterly unable to patent his said invention, or caveat 
it or manufacture and introduce it upon the market.” And 
second: “Iis utter want of proper mechanical tools, materials, 
and appliances.” 

It wiil be seen that the facts do not correspond in the slight- 
est degree with those assertions. The facts now rehearsed are 
part of Drawbaugh’s history. If, during all those years he had 
had practical speaking telephones, knowledge whereof he 
“freely communicated to the public”—and his answer and wit- 
nesses allege that whatever he did in that regard was freely 
communicated tothe public—they would have borne some fruit, 
and his history would not have been what it is. 

Finally, we have the fact, virtually admitted by him under 
oath in 1879, and proved by a test of his instruments in 1881, 
that the apparatus his party relies on is not a practically oper- 
ative apparatus. 

RECAPITULATION. 

Drawbaugh’s claims were first made public in 1880—when 

Bell's patent was four years old—and thousands of telephones 
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made under it were in public use. Although Drawbaugh claims 
to have had operative speaking telephones as early as 1867, 
no patent was applied for, nor caveat filed, until 1880; nor was 
his alleged invention used except in his own shop, and experi- 
mentally. Bell's invention was given to the world in 1876, and 
before the close of that year had attained world wide notoriety. 
Before another year had gone by the invention was in extensive 
public use. This was known to Drawbaugh; yet he made no 
sign, even in the public prints. Such silence, under such circum- 
stances, is irreconcilable with the truth of his present story. He 
was not a man unnoticed nor unknown. He had kept himself 
before the eyes of his community as aninventor. He exhibited 
at public exhibitions. He was mentioned in the newspapers. 
He had occasion both before and after Bell’s patent to enumer- 
ate the works on which he rested his claim to be an inventor. 
But the invention of the speaking telephone was not among 
those alleged creations which he enumerated or which others 
attributed to him. ‘The proofs show that the allegations as to 
Drawbaugh’'s abject poverty and lack of means and facilities 
for experimenting, are essentially untrue, and that, on the con- 
trary, during all these years in which he now claims to have 
been in possession of the invention, his situation and oppor- 
tunities for developing it—if he had had it—were exceptionally 
favorable. During that very time he was holding himself out 
to the public as a machinist whose specialty was “ electrical ” 
machinery, and as a solicitor of patents; and it appears that 
he had, in fact, all the mechanical skill, and all the tools and 
appliances for making that skill available for the ready pro- 
duction of speaking telephones—if only he had possessed the 
invention. That he did not give the speaking telephone to 
the world was not owing either to poverty or to lack of me- 
chanical skil] or appliances. Nor was it owing to lack of mon- 
eyed persons willing to interest themselves in such an in- 
vention. The proofs show that Drawbauch's neighbors were 
only too ready to invest their means in schemes of his devising, 
and the inference is irresistible that if he did not interest 


508 THE SPEAKING TELEPHONE. 


moneyed neighbors in a “talking machine” it must have been 
either because he did not seek to do so, or, more probably, 
he had no “talking machine” fit to attract their attention. 


CIRCUIT COURT OF THE UNITED STATES, DISTRICT OF MASSA- 
CHUSETTS.—AMERICAN BELL TELEPHONE COMPANY ET AL. 
v. ALBERT SPENCER ET AL.—OPINION OF THE COURT.— 
JUNE 27, 1881. 


LOWELL, J.: The bill alleges an infringement of two patents, 
granted to Alexander Graham Bell. The defendants admit that 
they have infringed some valid claims of the second patent, but 
the plaintiffs are not content with this admission ; they rely be- 
sides upon the fifth claim of the first patent, which is much 
more comprehensive in its scope. 

Patent No. 174,465, issued to Bell, dated March 7, 1876, is 
entitled ‘Improvement in Telegraphy,” and is said in the speci- 
fication to consist in “ the employment of a vibratory or undu- 
latory current of electricity in contradistinction to a merely in- 
termittent or pulsatory current, and of a method of and apparatus 
for producing electrical undulations upon the line wire.” The 
patentee mentions several advantages which may be derived by 
the use of this undulatory current, instead of the intermittent 
current, which continually makes and breaks contact, in its ap- 
plication to multiple telegraphy, that is, sending several mes- 
sages, or strains of music, at once over the same wire; and the 
possibility of conveying sounds, other than musical notes. This 
latter application is not the most prominent in the specification, 
though, as often happens, it has’ proved to be of surpassing value. 
This part of the invention is shown in figure 7 of the drawings, 
and is thus described in the text: 

“The armature, c, fig. 7, is fastened loosely bv one extremity 
to the uncovered leg, d, of the electro magnet, 6, and its other 
extremity is attached to the centre of a stretched membrane, a. 
A cone, A, is used to convey sound vibrations upon the mem- 
brane. When a sound is uttered in the cone, the membrane, a, 
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is set in vibration, the armature, e, is forced to partake of the 
motion, and thus electrical undulations are created upon the cir- 
cuit E, b, e fig. These undulations are similar in form to the 
air vibrations caused by the sound; that is, they are represented 
graphically by similar curves. The undulatory current passing 
through the electro magnet, J, influences its armature, A, to copy 
the motions of the armature, ce A similar sound to that uttered 
in A is then heard to proceed from L.” 

With the figure 7 before us, this description is readily under- 
stood. A cone of pasteboard or other suitable material has a 
membrane stretched over its smaller end; at a little distance is 
a piece of iron magnetized by a coil through which is passing a 
current of electricity. When sounds are made at the mouth of 
cone, A, the membrane vibrates like the drum of a human ear; 
and the armature, which is directly in front of the magnet, vi- 
brates with the membrane, and its movements cause pulsations 
of electricity, like those of the air which excited the membrane, 
to pass over the wire; and the wire stretches to another similar 
magnet and cone with its membrane and armature. The second 
armature and membrane take up the vibrations and make them 
audible by repeating them into the condensing cone, L, which 
translates them into vibrations of the air. 

The defendants insist that the instrument represented in figure 
7 will not transmit articulate speech ; that this great result has 
been reached by Mr. Bell entirely through the improvements 
described in his second patent, such as the substitution of a metal 
plate for the stretched membrane, and some others. 

The importance of the point is, that if Bell, who is admitted 
in this case to be the orginal and first inventor of any mode of 
transmitting speech, had not completed his method and put it 
into a working form when he took his first patent, he may lose 
the benefit of his invention; because, in his second patent, he 
made no broad claim to the method or process, but only to the 
improvements upon a process assumed to have been sufficiently 
described in his first patent. 

There is some evidence that Bell’s experiments with the in- 


510 THE SPEAKING TELEPHONE. 


struments described in fig. 7, before he took out his patent, 
were not entirely successful; but this is now immaterial, for it 
is proved that the instrument will do the work, whether the 
inventor knew it or not, and in the mode pointed out by the 
specification. 

The fifth claim of this patent is for— 

“The method and apparatus for transmitting vocal or other 
sounds, telegraphically, by causing electrical undulations, similar 
in form to the vibrations of the air accompanying the said vocal 
or other sounds, substantially as set forth.” 

The defendants use a method and apparatus for transmitting 
vocal sounds, which resemble those of the plaintiffs in producing 
electrical undulations copied from the vibrations of a diaphragm, 
and sending them along a wire to a similar receiver at the other 
end. The specific method of producing the electrical undula- 
tions is different. It ismadeon the principle of the microphone, 
which has been very much improved since the date of the first 
Bell patent. 

Tf the Bell patent were for a mere arrangement, or combina- 
tion of old devices, to produce a somewhat better result in a 
known art, then, no doubt, a person who substituted a new 
element not known at the date of the patent might escape the 
charge of infringement. But Bell discovered a new art—that 
of transmitting speech by electricity—and has a right to hold 
the broadest claim for it which can be permitted in any case: 
not to the abstract right of sending sounds by telegraph, with- 
out any regard to means, but to all means and processes which 
he has both invented and claimed. 

The invention is nothing less than the transfer to a wire of 
electrical vibrations like those which a sound has produced in 
the air. The claim is not so broad as the invention. It was, 
undoubtedly, drawn somewhat carefully in view of the decision 
in O'Reilly v. Morse, 15 How. 62, and covers the method and 
apparatus—that is, any proc ssand any apparatus of substantially 
similar character to those described. The patent points out dis- 
tinctly that the undulations may be produced in other modes 
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beside the vibration of an armature in front of a magnet; and 
the defendants make use of a mode not wholly unknown at that 
time, though much improved, in creating their undulations. 

It seems to me that the defendants use both the method and 
the apparatus of Bell. The essential elements of the method 
are the production of what the patent calls undulatory vibra- 
tions of electricity to correspond with those of the air, and 
transmitting them to a receiving instrument capable of echoing 
them. Granting that the defendants’ instrument for converting 
the vibrations of the diaphragm into vibrations of electricity is 
an improvement upon that of the plaintiffs, still it does the same 
sort of work, and does it in a mode not wholly unknown at the 
date of the patent, though I do not consider that material. 

An apparatus made by Reis, of Germany, in 1860, and de- 
scribed in several publications before 1876, is relied on to limit 
the scope of Bell’s invention. Reis appears to have been a man 
of learning and ingenuity. He used a membrane and electrodes 
for transmitting sounds, and his apparatus was well known to 
curious inquirers. The regret of all its admirers was, that 
articulate speech could not be sent and received by it. The 
deficiency was inherent in the principle of the machine. It can 
transmit electrical waves along a wire, under very favorable cir- 
cumstances, not in the mode intended by the inventor, but one 
suggested by Bell’s discovery, but it cannot transmute them into 
articulate sounds at the other end, because it is constructed on 
a false theory, and the delicacy of use required to make it per- 
form part of the operation is fatal to its possible performance of 
the other part. A Bell receiver must be used to gather up the 
sound before the instrument can even now be adopted to a 
limited practical use. It was like those deaf and dumb pupils 
of Prof. Beil, who could be taught to speak, but not to hear. 
That was all, but it was enough. A century of Reis would 
never have produced a speaking telephone by mere improve- 
men: in construction. 

I am of opinion that the fifth claim of patent No. 174,465 
is valid, and has been infringed. 
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The statute declares that if a patentee has claimed too much 
in any part of his patent he shall not recover costs, and it has 
been argued that certain claims of these patents, not relied on by 
the plaintiffs, are too broad. In this stage of the case the question 
of costs does not arise; but I may as well say, that there is not 
sufficient evidence in the record to enable me to find whether 
these claims are valid or not, and that the statute does not 
mean that claims not in issue should be contested for the 
mere purpose of settling the costs. More expense might be in- 
curred in such a mode of trial than depended upon the main 
issue. Decree for the complainants. 


CIRCUIT COURT OF THE UNITED STATES, DISTRICT OF MASSA- 
CHUSETTS. — IN EQUITY. — AMERICAN BELL TELEPHONE 
COMPANY ET AL. v. ALBERT L. SPENCER ET AL. 


DercREE.—This cause came to be heard upon the bill, answer, 
replication and proofs, and was argued by counsel and consid- 
ered by the court, whereupon it is now, to wit, Aug. 27, 1881, 
ordered, adjudged and decreed that Alexander Graham Bell is 
the original and first inventor of the invention specified in the 
fifth claim of the patent numbered 174,465, granted to said Bell 
March 7, A. D. 1876, and the fifth, sixth and eighth claims of 
the patent numbered 186,787, granted to said Bell, Jan. 30, 1877, 
being the claims in respect of which the proofs were taken; that 
the said patents are good and valid patents therefor; and the com- 
plainants waiving a reference to a master to ascertain profits and 
damages, and accepting nominal damages, it is further ordered 
that the defendants pay to the plaintiff the sum of one dollar as 
profits and damages, and also costs taxed at , and 
that they be perpetually enjoined from further infringing the 
said patents. 

By the Court, ALEX. H. TROWBRIDGE, 

Deputy Clerk. 

Attest: ALEX. H. TROWBRIDGE, l 

Deputy Clerk. 
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CIRCUIT COURT OF THE UNITED STATES, DISTRICT OF MASSA- 
CHUSETTS. — AMERICAN BELL TELEPHONE COMPANY v. 
AMOS E. DOLBEAR ET AL.—BEFORE GRAY AND LOWELL, 
JJ.—OPINION OF THE COURT.—JANUARY 24, 1883. 


Gray, J.: Few legal rules have been oftener misunderstood 
and misapplied than the maxim that you cannot patent a prin- 
ciple. But the confusion on this subject has been so effectually 
cleared up by the recent judgment of the Supreme Court, de- 
livered by Mr. Justice Bradley, in Tilghman v. Proctor, 102 
U. S. 707, that it will be sufficient for the purposes of this case 
to state the conclusion there announced. 

There can be no patent for a mere principle. The discoverer 
of a natural force ora scientific fact cannot have a patent for 
that. But if he invents for the first time a process by which a 
certain effect of one of the forces of nature is made useful to 
mankind, and fully describes and claims that process, and also 
describes a mode or apparatus by which it may be usefully ap- 
plied, he is, within the meaning, and the very words, of the 
patent law, “a person who has invented or discovered any new 
and useful art;” and he is entitled to a patent for the process 
of which he is the first inventor, and is not restricted to the 
particular form of mechanism or apparatus by which he carries 
out that process. Another person, who afterward invents an 
improved form of apparatus, embodying the same process, may 
indeed obtain a patent for his improvement; but he has no 
right to use the process, in his own or any other form of 
apparatus, without the consent of the first inventor of the 
process. 

It was decided by this court in American Bell Telephone Co. v. 
Spencer, 8 Fed. Rep. 509, and is not denied by present defend- 
ant, that Bell is the first inventor of a speaking telephone. The 
only controversy is of the extent of his patent. 

The draughtsman of the specification has exhibited as clear 
and accurate a comprehension of the rules of the patent law, as 
the inventor has of the force of nature with which he was 
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dealing, and of the means by which he reduced that force toa 
practical use. 

The patent is clearly not intended to be limited to a form of 
apparatus, but embraces a method or process. This is apparent 
upon the face of the specification. 

The inventor begins by saying: “ My present invention consists 
in the employment of a vibratory or undulatory current of elec- 
tricity in contradistinction to a merely intermittent or pulsatory 
current, and of a method of and apparatus for producing electri- 
cal undulations upon the line wire.” 

After describing the advantages of an undulatory current, 
resulting from gradual changes of intensity, over a pulsatory 
current caused by sudden changes of intensity, he says: “It 
has long been known that when a permanent magnet is caused 
to approach the pole of an electro magnet, a current of electric- 
ity is induced in the coils of the latter, and that, when it is 
made to recede, a current of opposite polarity to the first appears 
upon the wire. When, therefore,a permanent magnet is caused 
to vibrate in front of the pole of an electro magnet, an undula- 
tory current of electricity is induced in the coils of the electro 
magnet, the undulations of which correspond, in rapidity of suc- 
cession, to the vibrations of the magnet, in polarity to the 
direction of its motion, and in intensity to the amplitude of its 
vibration ;” or, as he afterward repeats in fuller language: 
‘Electrical undulations, induced by the vibration of a body 
capable of inductive action, can be represented graphically with- 
out error, by the same sinusoidal curve which expresses the 
vibration of the inducing body itself, and the effect of its vibra- 
tion upon the air; or, as above stated, the rate of oscillation in 
the electrical current corresponds to the rate of vibration of the 
inducing body—that is, to the pitch of sound produced ; the in- 
tensity of the current varies with the amplitude of the vibration— 
that is, with the loudness of the sound; and the polarity of the 
current corresponds to the direction of the vibrating body—that 
is, to the condensations and rarefactions of air produced by the 
vibration.” 
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He further says: “There are many ways of producing undu- 
latory currents of electricity, dependent for effect upon the vi- 
brations or motions of bodies capable of inductive action. A 
few of the methods that may be employed I shall here specify. 
When a wire, through which a continuous current of electricity 
is passing, is caused to vibrate in the neighborhood of another 
wire, an undulatory current of electricity is induced in the lat- 
ter. When a cylinder, upon which are arranged bar magnets, is 
made to rotate in front of the pole of an electro magnet, an un- 
dulatory current of electricity is induced in the coils of the elec- 
tro magnet. 

“Undulations are caused in a continuons v Itaic current by 
the vibration or motion of bodies capable of inductive action, or 
by the vibration of the conducting wire itself in the neighbor. 
hood of such bodies. Electrical undulations may also be caused 
by alternately increasing and diminishing the resistance of the 
circuit, or by alternately increasing and diminishing the power of 
the batt.ry. The internal resistance of a battery is diminished 
by bringing the voltaic elements nearer together, and increased 
by placing them farther apart. The reciprocal vibration of the 
elements of a battery, therefore, occasions an undulatory action 
in the voltaic current. The external resistance may also be 
varied. For instance, let mercury or some other liquid form 
part of a voltaic circuit, then the more deeply the conducting 
wire is immersed in the mercury or other liquid the less resist- 
ance does the liquid offer to the passage of the current. Hence 
the vibration of the conducting wire in mercury or other liquid 
included in the circuit occasions undulations in the current. The 
vertical vibration of the elements of a battery in the liquid in 
which they are immersed produces an undulatory action in the 
current by alternately increasing and diminishing the power of 
the battery. 

“Tn illustration of the method of creating electrical undula- 
tions, I shall show and describe one form of apparatus for pro- 
ducing the effect. T prefer to employ for this purpose an elec- 
tro magnet, A, fig. 5, having a coil upon only one of its legs, b. 
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A steel spring armature, c, is firmly clamped by one extremity 
to the uncovered leg, d, of the magnet, and its free end is al- 
lowed to project above the pole of the covered leg. The arma- 
ture, c, can be set in vibration in a variety of ways, one of which 
is by wind, and, in vibrating, it produces a musical note of a 
certain definite pitch. When the instrument, A, is placed in a 
voltaic circuit, g be fg” (in which b represents the covered leg 
of the first electro magnet ; f represents the covered leg of an- 
other similar electro magnet, I, whose uncovered leg is marked 
l; and g and e represent the two points of the voltaic circuit 
midway of the wire connecting the two magnets), “the armature, 
c, becomes magnetic, and the polarity of its free end is opposed 
to that of the magnet underneath. So long as the armature, c, 
remains at rest, no effect is produced upon the voltaic current; 
but the moment it is set in vibration to produce its musical note, 
a powerful inductive action takes place, and electrical undula- 
tions traverse the circuit, gb efg. The vibratory current pass- 
ing through the coil of the electro magnet, J, causes vibration in 
its armature, h, when the armatures, ch, of the two instrunrents 
A, I, are normally in unison with one another; but the arma 
ture, h, is unaffected by the passage of the undulatory current 
when the pitches of the two instruments are different.” 

Then, after showing how two or more telegraphic signals or 
messages may be sent simultaneously over the same circuit with- 
out interfering with one another, he adds: “I desire here to re- 
mark that there are rnany other uses to which these instruments 
may be put, such as the simultaneous transmission of musical 
notes, differing in loudness as well as in pitch, and the tele- 
graphic transmission of noises or sounds of any kind. 

“When the armature, c, fig. 5, is set in vibration, the arma- 
ture, h, responds not only in pitch, but in loudness Thus, when 
c vibrates with little amplitude, a very soft musical note pro- 
ceeds from A; and when c vibrates forcibly, the amplitude of 
the vibration of A is considerably increased, and the resulting 
sound becomes louder.” 

He proceeds to say: “ One of the ways in which the armature, 
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c, fig. 5, may be set in vibration has been stated above to be by 
wind. Another mode is shown in fig. 7, whereby motion can 
be imparted to the armature by the human voice or by means 
of a musical instrument. 

“The armature, c, fig. 7, is fastened loosely by one extremity 
to the uncovere.| leg, d, of the electro maznet, b, and its other 
extremity is attached to the centre of a stretched membrane, a. 
A cone, A,is used to converge sound vibrations upon the mem- 
brane. When a sound is uttered in the cone, the membrane, «, 
is set in vibration, the armature, c, is forced to partake of the 
motion, and thus electrical undulations are created upon the 
circuit, Ebe fg. ‘hese undulations are similar in form to the 
air vibrations caused by the sound—that is, they are represented 
graphically by similar curves. The undulatory current passing 
through the electro magnet, f influences its armature, h, to copy 
the motion of the armature, e. A similar sound to that uttered 
into A is then heard to proceed from L” 

The reference to fig. 7 will be better understood by repeating, 
slightly amplified, Judge Lowell's explanation in Spencer's case. 
A cone of pasteboard or other suitable material, A, has a mem- 
brane, a, stretched over its smaller end; at a little distance is 
the armature, c, consisting of a piece of iron magnetized by the 
coil of the electro magnet, b, through which is passing a current 
of electricity. When sounds are made at the mouth of the cone, 
A, the membrane, a, vibrates like the drum of. the human ear; 
and the armature, c, which is directly in front of the magnet, b, 
vibrates with this membrane, and its movements cause pulsa- 
tions of electricity like those of the air which excited the mer- 
brane to pass over the wire, e, which stretches to another similar 
magnet, f, and cone, Ia, with its membrane, and its armature, A. 
The second armature and membrane take up the vibrations and 
make them audible by repeating them into the second cone, L, 
which translates them into vibrations of the air. In practice, a 
metallic diaphragm or disk is often substituted for each mem- 
brane. 

The inventor adds this explanation: “In this specification 
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the three words ‘oscillation,’ ‘vibration ’’ and ‘undulation’ are 
used synonymously, and in contradistinction to the terms ‘in- 
termittent’ and ‘pulsatory.’ By the term ‘body capable of in- 
ductive action,’ I mean a body which, when in motion, produces 
dynamical electricity. I include in the category of bodies 
capable of inductive action brass, copper and other metals, as 
well as iron and steel.” 

His fifth and final claim is of “the method of and apparatus 
for transmitting vocal or other sounds telegraphically, as herein 
described, by causing electrical undulations, similar in form to 
the vibrations of the air accompanying the said vocal or other 
sounds, substantially as set forth.” 

In this claim, as throughout ‘the specification, the word 
“method ” is evidently used, not as synonymous with “mode” 
or “apparatus,” but as equivalent to “ process;’ just as it was 
used by Chief Justice Taney, delivering the judgment of the 
majority of the court, in Morse v. O Reilly, 15 How. 62, 117, as 
well by Mr. Justice Grier (who dissented in Morse v. O Reilly), 
in delivering the unanimous judgment in Corning v. Burden, 15 
How. 252, 267. And the invention claimed is not merely the 
apparatus described, but also the general process or method by 
which the wind, or a musical instrument or the human voice, 
produces in a current of electricity a succession of electrical dis- 
turbances, not sudden and intermittent or pulsatory, but gradual, 
oscillatory, vibratory or undulatory, so as to give out at the 
farther end of the conducting wire sounds exactly corresponding 
in loudness, in pitch, and in tone, character or quality, to the 
sounds committed to it at the nearer end. 

The opinion in Spencer’s case clearly points out that “ Bell 
discovered a new art—that of transmitting speech by electricity 
—and has a right to hold the broadest claim for it which can be 
permitted in any case,” and “the invention is nothing less than 
the transfer to a wire of electrical vibrations like those which a 
sound has produced in the air;” and that his patent, while not 
covering the abstract principle, without regard to means, of 
transmitting speech by electricity, yet is not limited to a partic- 
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ular form of apparatus, but includes the process or method (using 
the two words as equivalent), the essential elements of which 
are “the production of what the patent calls undulatory vibra- 
tions of electricity to correspond with those of the air, and trans- 
mitting them to a receiving instrument capable of echoing 
them.” 

The evidence in this case clearly shows that Bell discovered 
that articulate sounds could be transmitted by undulatory vibra- 
tions of electricity, and invented the art or process of transmit- 
ting such sounds by means of such vibrations. If that art or 
process is (as the witnesses called by the defendants say it is) the 
only way by which speech can be transmitted by electricity, that 
fact does not lessen the merit of his invention, or the protection 
which the law will give to it. 

The mode or apparatus by which Bell effects his purpose is, 
by using an electro magnet in the transmitter, and another electro 
magnet in the receiver. But the essence of his invention consists 
not merely in the form of apparatus which he uses, but in the 
general process or method of which that apparatus is the embodi- 
ment. | 

Dolbear likewise uses an electro magnet in the transmitter ; 
and both bis method and his apparatus, as is admitted in his 
own affidavit, are substantially like Bell’s, until he comes to the 
receiver. For the magneto receiver, Dolbear substitutes a con- 
denser receiver, consisting of two thin metal diaphragms or 
disks, of about the size and thickness of those used in an ordinary 
Bell telephone, separated by a very thin air space, one or both 
disks connected with the conducting wire, and the speaking disk, 
if not so connected, otherwise charged with electricity ; so that, 
as the varying currents flow into and out of this condenser, the 
two disks attract one another more or less strongly, and thereby 
vibrations are set up which correspond to the vibrations of the 
original sound. 

The main difference on which the defendants rely is, that Bell 
uses what is called dynamic electricity, producing by its motion 
an electric current; while Dolbear, in his receiver, uses what is 
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called static electricity, producing, while at rest, electrical attrac- 
tion. And the learned counsel for the defendants illustrate the 
distinction thus: “It was known, long before Bell’s method, 
that electricity had two properties, very much as water has two 
properties, namely, first, pressure or head, or that property which 
tends to make it flow, and which can exist by itself only in the 
case of an insulated and charged body, or a reservoir of water; 
and, secondly, that dynamic property arising from its motion, 
and which never can exist by itself, but depends upon the quan- 
tity in motion and the rate of motion. This is not an absolutely 
exact way of expressing it, for the reason that electricity 1s not a 
fluid ; but, were it a fluid, the statement would be entirely exact. 

It does not appear to us to be important to determine whether, 
in scientific exactness, the varying influences of static electricity 
may properly be called currents; or whether the two properties 
of electricity differ in kind and in substance, or only in degree. 
or in the form of manifestation and application; or whether the 
force of the property which tends to make a fluid, when station- 
ary, change its place and flow, is different in kind from tha 
which it exerts, when changing its place and flowing—in short, 
whether the power of the pressure of water in a reservoir 1s 
different in kind from water power in a stream or current 

Whatever name be given to the property, or the manifestation 
of the electricity in the defendants’ receiver, the facts remain 
that they avail themselves of Bell’s discovery that undulatort 
vibrations of electricity can intelligibly and accurately transmit 
articulate speech, as well as of the process which Bell invented. 
and by which he reduced his discovery to practical use ; that 
they also copy the mode and apparatus by which he creates and 
transmits the undulatory electrical vibrations, corresponding tò 
those of the air; and that in the plate charged with electricity, 
which they have substituted for the magnetic coil in the receiver. 
the charge constantly varies in accordance with the principle 
which Bell discovered, and by means of the undulatory current 
caused by the process and in the mode which he invented and 
patented. 
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The defendants have therefore infringed Bell’s patent by using 
his general process or method, and should be restrained by in- 
junction from continuing to do so; and it is unnecessary, for the 
purposes of this decision, to consider whether the defendants’ 
apparatus is a substantial equivalent of the plaintiff's, or whether 
it is an improvement for which Dolbear might himself be en- 
titled to a patent. Temporary injunction ordered. 


CIRCUIT COURT OF THE UNITED STATES, DISTRICT OF MASSA- 
CHUSETTS, AMERICAN BELL TELEPHONE COMPANY v. AMOS 
E. DOLBEAR ET AL.—OPINION OF THE COURT, AUGUST 25, 
1883. 


LowELL, J.: The final hearing in this case was hardly more 
than a form, because the two questions which are raised by the 
record have been decided in favor of the plaintiff on motions 
for preliminary injunction, which were prepared and argued 
with unusual thoroughness. These questions are: “ Whether 
the telephone described by Reis anticipates the Bell tele- 
phone?” and, “ Whether Dolbear’s apparatus infringes Bell's 
patent ?” 

1. I decided in American Bell Telephone Co. v. Spencer, 8 Fed. 
Rep. 509, that Reis had not described a telephone which antici- 
pated Bell’s invention. The same point has since been decided 
in the same way in England. (Uniled Telephone Co. v. Harrison, 
21 Ch. D. 720.) It is admitted in the present case that the Reis 
instrument, if used as he intended to use it, can never serve as a 
speaking telephone, because the current of electricity is con- 
stantly broken; and it is essential for the transmission of speech 
that the current should not be broken. The defendant now 
testifies that the Reis instrument can be made to transmit speech, 
under some circumstances, if operated in the way which Bell 
has shown to be necessary. In 1877 heseveral times expressed 
the opinion that Bell made the invention, and that Reis did not 
make it. The experiment made in the presence of counsel, 
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which was intended to prove the correctness of the defendants’ 
present opinion, was an utter failure. But if it be admitted that 
the Reis instrument is capable of such use, to a very limited ex- 
tent, and after a change in its proportions, and when used in a 
way which the inventor did not intend, still, I am of opinion that 
it was not an anticipation of Bell. The case of Clough v. Barker, 
106 U. S. 166, would apply to such a state of facts. That case, 
undoubtedly, is an exceptional one, and its doctrine must be 
applied with much reserve; but when so applied, it will occa- 
sionally be useful. It is, that if a certain machine or organiza- 
tion is capable of a certain use only under unusual, and, as I 
may say, abnormal conditions, so that a person of skill and 
knowledge in the art to which it relates, or a person using the 
machine, would not, unless by accident, discover that it was 
capable of such a mode of operation, it shall not be considered 
an anticipation of a machine or organization which is founded 
upon such mode of operation. 

2. At the former hearing in this case, before Mr. Justice Gray 
and me, we decided that the defendant, whatever the merits of 
his telephone may be, employs in it a part, at least, of Bell's 
process. No additional evidence has been given at the final 
hearing, unless a further explanation of that already given may 
be called additional; and I remain of the opinion expressed by 
the presiding justice at that time: American Bell Telephone Co. v. 
Dolbear et al., 15 Fed, Rep. 448. Decree for the complainant. 


CIRCUIT COURT OF THE UNITED STATES, DISTRICT OF MASSA- 
CHUSETTS.—MAY TERM, 18838, TO WIT, SEPT. 8, 1883.— 
IN EKQUITY.—AMERICAN BELL TELEPHONE CO., COMPLAIN- 
ANT, v. AMOS E. DOLBEAR ET AL., DEFENDANTS—FINAL 
DECREE FOR PERPETUAL INJUNCTION. 


This cause came on to be heard at this present term upon 
the pleadings and proofs, and was argued by counsel for the 
respective parties, and now, upon consideration thereof, to wit, 
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Sept. 8, 1883, it is ordered, adjudged and decreed as follows, 
viz : that the Letters Patent referred to in the complainant's 
bill, being Letters Patent of the United States granted unto 
Alexander Graham Bell, No. 174,465, for improvement in teleg- 
raphy, dated March 7, 1876, is a good and valid patent, and 
that the said Alexander Graham Bell was the original and first 
inventor of the improvement described and claimed therein, and 
that the said defendants have infringed the fifth claim of said 
patent, and upon the exclusive rights of the complainants under 
the same. 

And it appearing to the court that the complainants waive a 
reference to a master, to take an account of the profits and dam- 
ages, and that the parties agree that the amount of profits and 
damages to be recovered by the complainants be fixed at the 
sum of one hundred dollars, it is further ordered that the com- 
plainants recover the said sum of one hundred dollars accord- 
ingly. 

And it is further ordered, adjudged and decreed that a per- 
petual injunction be issued under said patent No. 174,465 against 
the defendants, according to the prayer of the bill. 

The court has not considered Letters Patent No. 186,787, 
dated Jan. 30, 1877, in the bill mentioned. 

And it is further ordered, adjudged and decreed that the com- 
plainant recover of the defendants its costs of suit. 

By the Court, 
JOHN G. STETSON, Clerk. 


STATISTICS OF THE AMERICAN BELL TELEPHONE COMPANY. 


The number of telephonesin the hands of Bell licensees in the 
United States on February 20, 1880, was 60.873 ; 1581, 132,692 ; 
1882, 189,374; 1888, 249,711; 1884, 307,010; showing an in- 
crease of each year over the preceding of: 71,819 in 1881 (this 
number including 20,885 taken over from the Gold and Stock 
Telegraph Company, and in use by the Bell licensees; deduct- 
ing these, the increase was 50,934 in 1881), 56,682 in 1882; 
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60,3387 in 1888; and 57,299 in 1854. The total increase is 
246,137, or four hundred per cent. 

The number of telephone exchanges in operation in the 
United States on the 1st of March, 1880, was 138; 1831, 408 ; 
1882, 592; 1883, 735 ; 1884, 890 ; showing an increase each year 
over the preceding of 270 in 1880; 184 in 1881; 143 in 1882 ; 
and 165 in 1883. The total increase for the four years was 752, 
or 544 per cent. 

The earnings from rentals of telephones for the year ending 
February 28, 1881, were $535,754.81; 1882, $885,312.92; 1883, 
$1,257,054.58:; 1834, $1,695,678.58. Total increase for the four 
years, $1,159,923.74, or 216 per cent. 
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